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FROM PtBLEISKE
The book "Te lmaging Effect of Nuclear Explosions" is based on naterial

published in the foreign press. It gives a description of the striking power of

nucleai weapons. Mhe authors acquaint readers vith methods of protection against

nuclear weapons. M Te book contains a detailed and Pomprehensible explanation of

the physical bases of atomic and thermonuclear munitions and considers the

various damaging factors and simplest methcds of calculating the area of the

contaminated zone.

The principal matter contained in -the book is intended for an extensive

circle of readers - servicemen in the Soviet army and navy and also members of

the DOSAAF (Voluntary A • Organization) acquainted with the fundamentals of

physics and math-..... A small section of the book may interest military and

signal specialists mho have receive4 greater training in' the field. 74hen reading

the book the less speclalizeA realer may leave aside the complex problem's ithout

fear of not understanding +lte book as 7, iiiole.
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u eINTRODUCTION

Nuclear weapons, an is well known, have appeared comparatively recently

and have been developed almost/withbut use in military operations. Two atomic

Sboribs ere dropped by tU aircraft in 1.949 on the defenseless Japanese cities CC

IHirushima and Nagasaki when Japan was already defeated and Worldl War II was

virtually at an endcl In using the atomic veapons, the Government and military

ccmmand of ;2ae United States pursued not so much military as political aims in-

tended to demmistrate the power of the new veapon and to base their notorious

policy of strength on it. The policy vas based on tLhe conviction held by the

reactionary circles of the capitalist world that the LEA would have the monopoly

of atomic weapons for some time to come. But Soviet scientists and engineers

were very soon able to liquidate the United State's monopoly. Atomic weapons

mere subsequently produced in Britain as weil, end France is producing her own

a t•oaic ,I-apons at the present time.

'Thus, nuclear weapons are be:ing rapidly devel oped aryl are becoming an

integral part of anraments, determining the nverall -.Pture of mco.ern warfar.e.

Nuclear weapons are weapons of mass destruction. This means t1at when a

nuclear charge is exploded, the destruction covers a wi.e area containing6, as a

rule, a large number of dcstructible objects (people, buildings, sbhps, tanks,

cars and so forth).

A nuclear charge contained in a bomb, in the varhead of a long-range roclmt

or used In some other form can replace hundreds, thousandz or even tens of

thousands of conventional bombs, rockets, etc. Present-day high-speed aircraft,

guided missiles and long-range rockets make it possible to strike deep into the

heart of enemy territory and from one to several dozen nuclear charge could be used,

in occordance with the military plans.

These features of nuclear weapons have introduced fundamental changes in

the methods of armed combat. It can be said that there has never been such a sudden

leap forward in the development of means of '-rfare.

-7I7j- TT- 6 1-396 / 1+2



More is a marke& mriety of present-dAy atomic vaponu. Their power is

usually asseased on the basis of the energy released at the moment of explosion.

The energy is measured in terms of TNT equivalent, that is t: say, the amount of

conventional explosive - 9NT - vhich would produce the same amount of energy when

explod~ed.,

The TNT equivalents of nuclear charges described in the foreign press range

[from thousands to several million tons. On account of this, nuclear weapons can

be used for tactical operations as well as for strategic purposes.

Nuclear weapons can be used both on land and at sea. There have been

frequent mention in che foreign press of the possibility of nuclear explosions on

the mir-on.

Nuclear charges can be contained in artillery shells of medium and large

caliber, 45 WLL A~oombs; they can be used as warheads for rockets of different

ranges, torpeds nd various guided missiles.

Thc rapid develorpf,,i,, of nuclear engineering and the atomic industry has

made it possible to produce a large quantity of nuclear explosive. Pccor~ilng to

the forei press, the cost of one ton of TNT equivalent of thermonuclear fuel

is not greater than one cent. HoIwevap, the price is only a superficial

indication of the production potentiality and cannot be used to describe bhe

condritions for use of nuclear weapons i E a large-scale arLed conflict.

A highly important feature of nuclear weapons is the fact that they

produce radioactive products when they explode. These products may spread through

the earth's atmosphere under certain circumstances, causing/to H ^i and animals

all over the globe. The danger is excessive when there are large-scale nuclear

explosions close to the earth's surface, when the radioactive products settle on

dust particles and are carried for hundreds of kilometers by the wind in the form

of a concentrated stream.

Nuclear explosions are a threat to the health and survival of mankind.

Their effect on the health of children in particular"y great. It follows from this

that not onl4 the use of nuclear weapons during vrtime, but the testing of then

FTD-TT-61-396/1+2 -2-



/i a threat to the whole of mankind.

Recognising the daunger of these vepone, the 3oviet people, led by t•ie

C-1anist Party and Government, together with the working people of the whole

world is engaged in a consistent and stubborn campain for the bannin of all

nuolear tests, the production of nuclear weapons and preyarations for their use

In var, and also 4apinst the arms race.

In his speech at the United Nations Oeneral Assembly on September 18,

1959, N. S. Khrushchev said that never before in the history of man bas the arms

race been conducted at such a rate or been frought with so much danger as today,

in the era of the atom, the electron and the conquest of space.

No too long ago rapid-firing automatic weapons, tanks, long-range

artillery and bombs were considered the most powerful means of extermination. But

can they really be compared with the atomiC weapons which are available at present?

We have now reached a stage at which it becomes difficult to think of a more power-

ful weapon than the hydrogen bib, which is -irtu-i'ly infinite in its power. Even

if we collected together all the means of destruction which man hap/possessed in

the past, in power they would only be a fraction of what the tvo or three great

powers possessing nuclear weapons have at their disposal today.

A tremendous amount of destructive energy Is released during the ex-

plosion of onep mark you one, large hydrogen bomb. The press has quoted an

American expert on nuclear physics, W. Davidoon, who points out that the explosion

of one hydrogen bomb releases more energy than all the explosions carried out by

all countries in all the wars the 'ankind has kncwn. He is probably right. And DAg

we really forget that the destructive power of militaryv wqM attain such

collossal proportions? And bAgwe forget that there is now no place on the globe

which is Inpregnable to nuclear rockets?

It is difficult to imagine the aftermath which vould be caused by a war

in which these monstrous methods of annihilation were used. If A/ is allowed to

break out, the DE.r-tirwould be counted not in millions, but in many tens or even

hundreds of aillions of human lives. It would be a war without any distinction

-3-



between front and rear, betveen ehilAren and soldiers It vould rase to the

gruead may major cities and industrial centers, it would lead to the everlastiv

S~destruetica of the greatest cultural achevementns vhich took the human genius •

eentu•ries to achieve. Nor would such a war spare the future generations. Its

Spolso•:ous trai:l, in the form of radi-•tve contenination would cripple people fros

a long time to ,:ome and result in the loss of man lives.

Hence the Importance of the study of nuclear weapons and their effects 7

is far beyond the limits of specialized warfare.

This book only considers explosive nuclear weapons, their working

principle and combat characteristics. Before going on to more detailed examination

of these weapons, we should make the following comments. At the present time

such terms as nuclear, thermonuclear, hydrogen weapons, cobalt bombs, and so forth

cmonly used for the new weapons.

The toer "nuclear veapons" means that we are discussing weapons based

on the use of eaergy released by the conversion of atomic nuclei. The term is

therefore of a very general, generic importance. Thermonuclear weapons are those

based on thermonuclear reactions, that is to say reactions involving the ccmbination

of light atomic nuclei at very high temperatures. The hydrogen bamb is based on

thermonuclear reaction, in which heavy hydrogen -- deuterium and euperheavy hydrogen --

tritiumq1 tae part. It is conventional to use the term atomic weapons to describe

weapons containing basica.ly such atomic explosives as uranium 233, uranium 235 and

plutonium. Bat in recent time, to judge from the material contained in the foreign

press, the main type of new weapon is one in which there are various nuclear

reactions in different ratios during the explosion.

Hence it can be considered that the term "nuclear weapons" is extended

to cover all types of weapons in which the explosion im causedly nuclear reaction.

In this book we use the term "nuclear bomb" and "nuclear weapons",

irrespective of the type of reaction Re~-GA/Nc the explosion energy. Whenever

necessary, the type of bosb,ýwsed on fusion or fission,bill be indicated

separately.



is vell kniwn, nuelm.r weapons are on2y am of the NowcV of nuolear

649LSAMing, develeping so rapidy. at the present t~ie and of possible use in

varfare. 1

NIo matter how varied the methods of using atomic energy in war

nuclear weapons are undoubtedly the most Important aspect/,at the present time.

Their effect on the nature of modern warfare is extremely great and varied, and

"they must be studied in order to understand correctly both the wrfare itself, as

well as present-day international economics and politics.

The success gained by the USSR in developing atomic-veapons has been

possible through the Ccmunist Party's consistent policy aimed at a rapid and

Smultilateral development of the whole industry, in particular, metallurgy, machine-

building, instrument-building, electronics and chemistry. It is on this account

that the Soviet Union at the present time is batch producing nuclear-rocket

missiles of all "ypes and purposes and other defense measures suited to the

present level, eiJabliag the valiant Soviet armed forces to defend our great

country; and if necessary to retaliate against any agressors or adventurers.

The advanr;ament made bj the USSR in the development of nuclear weapons

is further, obvious proof of the undoubted advantage of the socialist system,

the trerendous development of Soviet science and the high technical level of the

vhcle of our industry.

In his speech at a Soviet press conference in the Kremlin on November 14,

1959, N. S. Krushchev said that "we nov have such a large number of rockets and

such a number of atomic and hydrogen warheads that if we are attacked, we can

wipe all PATr6wTI euemies from the face of the earth". Krushchev vent on to point

out that i•hile visiting a certain plant he bad been shown the way the workers,

engineers and scientists were building rockets. "When you look at this/peoduction,

y•u experience conflicting feelings; the plant is producing the most deadly, most

destructive weapons, while at the same time you are proud that you have'them...

In one year the plant which we visited has made 250 rockets with hydrogen warheads

on an assembly Vne. This means many millions of tans if you think in terms of

-5-
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ordinary eGlosives. You can understand that if wepons of this kind are ex-

ploded over a country, nothing would be left."

"Those are the powerful weapons which we have available to defend cur

country. While possessing them, we declare that we are ready to drop them all

in the sea in the interests of peace on earth, in the interests of the future, so

that everybody of the present and future generation can live in peace, so that they

know that we do not only not want war, but we do not even want to have the means

of waging it. We are ready to destrcV all these weapons immediately, if other

countries follow our example"*.

In his report at the Session of the USSR Supreme Soviet on January 1i,

1960, Krushchev said that "The Soviet army now has armaents and a fire power

rever possessed before by any army. I stress cnce again that we have $o many

nuclear weapons -,- atomic and nuclear weapons - and the appropriate rockets to

carry them to the territory of a potential agressor, that if any madman causes &,,

attack on our State or any other socialist State, we can literally wipe the country

or countries attacking us from the face of the earth."

4 Avery sane person fully realizes that atomic and hydrogen weapons create

the greatest threat to countries with the densest population. Naturally, in the

event of a new world war, all countries would suffer to some extent. We would

also suffer great disaster, and would lose many lives, but we would live through

it, bJr our territory is vast and the populution is not concentrated in major

industial centers to the same extent as in other countries. The West would suffer

incomparably more. If the agressors unleash a new var, it will not only be their

N. S. Krushchev. The Soviet press must be the strongest and the most

militant! Speech at Soviet press conference in Kremlin on November, 14, 1959.

"Pravda" of November 18, 1959.

-6-
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, capitalism to the source of war, and they will no longer tolerate a regime which brings

Ssuffering and disaster to ma: :znd.

1... Soviet citizens may rest assured that the present armaments of the Soviet

army will fully ensure the impregnability of our country$.

S'S

N. S. Krushchev. kmament/the only way to strengthen peace and ensure friend-

ship among peoples. Report given at session of USSR Supreme Soviet ravdaO of

January 15, 1960.

-7-



CHAPTER I

f• BRIEF DESCRIPTION OF WORKING PRINCIPLE OF NUCLEAR WEAPONS

Working Principle of Nuclear Weapons

1. The structure of the atom and its nucleus

In order to understand the effect of an atomic explosion, we have to know how

the nuclear energy is released. To do this we must find out how na tter is constructed

as a hiole, and whereabouts the energy in it is stored.

In our everyday lives we come into contact with different materials and objects

surrounding us. These objects possess characteristic properties: size, shape, color,

smell, weight and so forth. The properties of nu tter may change. We know that matter

van expand and contract, can change from the solid state to the liquid or gaseous state,

can sometimes be luminous, and so on.

How can all this be explained? All matter consists of extremely fine pa rticles,

invisible to the naked eye, which are known as atoms. The atoms of different substances

have different structures. For example, a hydrogen atom• is different from an iron

atom, and an iron atom is different from a uranium atom. Substances consisting of

homogeneous atoms are known as chemicaly simple substances, or chemical elements.

At the present tirm we know of 102 chemical elements. They arc all represeinted in

Mendeleyev's periodic system.

Tkre is a huge variety of ma tter in nature. At the present time there are

reckoned to be more than a million types. Where lave they come from?

Single atoms form new p rticles - molecides - by combining together. In turn

the combination of molecules leads to the formation of compounds (water, oil and so on).

Compounds can be split up into elements by physical or chemical methods.

If we decompose a compound such as water into its component parts, we see

that the molecule of water consists of two atoms of the chemical element hydrogen and

one atom of oxygen. A molecule of cooking salt consists of a sodium atom and a

chlorine atom.

-8-8



The number of atoms makin up molecules of more complex substances is

counted in dozens and sometimes hundreds or more.

t Steel, concrete, wood and soil also consist of variuus molecules. They are all

compounds - as distinct from, say, hydrogen, oxygen, iron, silver, uranium and so

on, which are elements. Molecules differ both in composition as well as size. Under

normal circumstarces (0 C and normal pressure) a cubic mIlimeter of air contains

2,687'10 molecules. At the present time Soviet scientists have constructed an

electron-ion proj ector, by means of which we can see simple and compound molecules.

Thus, all matter in nature, both elements and compounds, consist cf atoms.

Atoms are, so to say, the bricks with which the'hole of nature around us, and

we ourselves, are made. They are the smallest particles into which matter can de-

compose during chemical reactions.

It was thought for a long time that the atom was ,N~iVISIteD, Even the word itself

is a translation of the Greek word for indivisible . But the advancement of science

has tshown that the atom is a compound la rticle. Although atoms are extremely small

and cannot be seen through the most powerful microscope, they differ from each other

in structure, size and weight.

An atom consists of a positively charged nucleus, around which negatively

charged particles, called electrons, rotate; these electrons form the electron shell

(Fig. 1).

The electron is a tiny particle of matter possessing a negative charge. No charge

smaller than that possessed by the electron has ever been observed. Hence in

atomic physics it is customary to measure all charges in electron charges.

The nucleus consists of protons and neutrons, which are together termed

nucleons. The size of the atom is determined byits electron shell and amounts to the

1 0 J -12. -13
order of [m. The size of the nucleus, however, is of the order of 10 - 10 cm.

If we imagine the atom to be a sphere 100 mm in diameter, the nucleus inside can be

inn gined as a pellet with a diameter of about 1 mm.

-9-



S~I_ The prto Is a positively charged pa~rticle, equal ýa absolute value to the

electron charge. The mass of the ptroton is 1836 times greater than that of the electron.

Neutron. This is a nuclear particle which does not have an electric charge.

The mass of the neutron is approximately equal to that of the proton.

electrons
(D protons

ne autrons

nucleus

Fig. 1. Diagramatic structure of helium atom.

Atomic nuclei of different elements possess a different nunb er of protons,

ranging from one (hydrogen atc I to 102 (nobelium atom), and therefore different

charges as well.

The nunb er of protons determines the property of the atom of a chemical

elere nt and is equal to the ordinal (atomic) numb er Z of the element in the periodic

table. For example, a hydrogen atom has one proton, hence hyd rogen heads the list,

the helium atom has two protons and therefore romes second, and so forth.

The number of electrons In the shell of the atom is usually equal to the nunb er

of pcs itive charges (protons) in the nucleus. On account of this the atom as a whole is

electrically neutral under normal conditions, I. e., it possesses no charge. The equality

of the nuni er of protons and electrons in the atom suggests that almost th. entire mass Cf it

is contained within the nucleus, since the proton (neutron) is 1836 times heavier than

the electron. We know that energy is directly proportional to mass. It follows from

this that almost all the energy of an atom is contained within the nucleus as well.

Another important characteristic cf the atom is its mass number A. The rmss

number is equal to the number of protons and neutrons (nucleons) in the nucleus and is

-10-



numerically equal to the atomic weight, rounded off to a *hole number. By ¶
knowing the mass number of the nucleus A and the number of protons (charge) Z,

we can easily determine the number of neutrons N as the difference between A ani Z:

N - A - Z. For example, helium has the most number A = 4, so the charge Z = 2.

The number of protons in its nucleus is then N 4 - 2 = 2. These two numbers

Z and A a r e usually placed beside the symbol for the chemical element; Z is a

subscript on the left and A is a superscript on the right. The symbol then looks

as follows: for helium ,He , for iron LFe , and so on. The number of piotons in

the given nucleus remains unchanged. But the number of the neutrons may vary.

Atoms whose nuclei contain the same number of protons, though a different number

of neutrons have identical chemical properties, but different atomic weights (mass

numbers). These atom are called isotopes. Practically every chemical element

has isotopes. Hydrogen, for instance, has three. Besides the commonest hydrogen

isotope H, there are two others known: heavy hydrogen , H (deuterium, D) and

super-heavy hydrogen (tritium, T). They both have one protor. in thc nuc la-uS

(ono electron each on -ije shell), but deuterium has an extra neutron end tritium

has two extra neutrons.

Uranium has eleven is otopes, but only three are foun6. in rntural caupounis

of uranium: Uranium 238 (mass number A = 238), uranium 235 and uranium 234).

Their nuclei contain 92 protons each and 146, 143 arri 142 neutrons, respectively.

At the present tire the 102 chemical elements possess more than 1000 known

isotopes.

Structure of the electron shell. As has already been pointed out, the

electrons orbit the nucles in an area •hich has been given the name of the

electron shell. In it each electron moves in a definite orbit.

The electron orbits are different distances from the nucleus and are grouped

into layers surrounding the latter. Each layer contains no more than a set number

of electrons. The closest layer to the nucleus, known as the K shell, contains

only two electrons, the next layer, the L shell, contains not more than 8, the

-11-
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thirf, M shell cotains not more than 18 electrons and so on. Fig. 2 sho theII " ~schematic structu•re of electron shells in certain chemical elements.

Attraction is exerted between the electrons a•a the nucleus of the atom,

Hence the electrons while moving about keep in strictly defined ezbits in the same

way as planets moving round the sun. The closer the electron is to the nucleus,

the geater its bond with the nucleus, and vice versa.

Consequently, it is alwys necessary to expend work in order to shift an

electron from a lower to a higher orbit.

I

3 4•(

Fig. 2. Diagramatic structure of electron shells: i) hydrogen; 2) helium;

3) lithium; 4) neon.

Each shell corresponds to a certain energy possessed by the electrons in

that particular shell. The total energy of the electron in the atom is composed

of the kinetic energy of its motion aroma the orbit ara the potential energy

of its attraction to the nucleus.

Under normal, stable conditions the electrons are situated on the closest

orbits to the nucleus, which correspond to the lowest energy levels of the electron,

and. therefore/the atom as a whole.

As the distance from the nucleus increases, the kinetic energy of the

electron is reduced while the potential energy is increased (in the same way that

the potential energy of a stone is increased as it is raised above the GKoadD

and the less the kinetic einergy, the greater the extent to which this

-12-



h&Ppens. HeMce the total energy of an electron is also increased as the radius of

the orbit is enlarged, and the energy of the atom as a whole is increased as yell.

M ie possible values of the internal energy of an atom has come to be calle& e

ievesiu).

The hdrogen atom only has one electron,which is situated in one of the

orbits of the first shell (K shell) . Mhe helium atom has two electrons sitted

Sin two orbits in the first shell. Thus, the first shell is completely filled in

the case of helium.

Atoms whose shells are completely filld& are chemically inactive; not only

do they not combine with other atoms, they do not even form molecules with each

Sother. Such atoms make up the so-called inert gases - helium, neon, argon and so

on.

The brilliant Russian chemist, Mendeleyev, found that the properties of the

"chemical elemento are periodically repeated at regular intervals. It turned out-

subsequently that these properties are a reflection of the regularities governing

the structure of an atom and its electron shell.

In Menrleleyev's table, helium is followed, by lithium with three electrons

in the shell:-two in the first~while the third begins a new shell.

This electron is not as strongly bound to the nucleus as the first two, and

a lithium atom, just as a hydrogen atom, gives it up Very easily during chemical

reactions. The next elements after lithium are beryllium, boron, carbon, and so oni

and these preserve the K shell with two electrons, but the number of electrons in

the second L shell increases successively by one unit, until it reaches eight in

the neon atom. This means trat the neon atom has two complete shells K and L, the

first containing two and the second containing eight electrons. Here again we have

I)

The term "energy level" is used by analogy with the energy spent on raising

a body to a certain height. The higher the body is raised, the greater its

potential energy. The difference between tim potential energy of the body at

two different heights is determined by the difference in levels.

-13-



a stble combination of electroms in the electron shell, an account of Vhich neon,

like helium, neither gives up nor accepts electrons. Neon is therefore classed as

C an inert gas, Neon is followed by sodium. Sodium has eleven electrons in its

shell. Ten of them form the K and L shells, while the eleventh begins a new

shell, M. Uhus the sclium atom bas a structure similar to lithium; they each have j
one electron in the uppermost shell, whbich makes them chemically allied. An

electron may move round its orbit in stable fashion, but this does not mean that I

it is always "tied" to it. If some outside force is applied to it (collision

with another electron, heatingand. so on), the electron may "Jump" from AtV obbit I
close to the nucleus to one further away. Here its energy is increased, or, as

Sit is usually the "atom ir excited". Atoms remain in the excited state

forevery short time , after vhtch the electron returns to its original orbit,

close to the nucleus.

When tie electron is transferred back to its original orbit, its energy is

reduced, and the surplus is enit-ted in the form of electromagetic radiation (called

a photon). The amount of energy transferred by this photon is equal to the

energy difference in the different electron shells (during excitation and prior to

excketion).

If E is the energy of the electron prior to excitation and E is its energy

during excitation, the energy transferred by the photon is E =m E2.--

What type of radiation is emitted when an atom changes from the excited

state to its normal state? Depending on the energy of the photon, when an

electron shifts from a more distant orbit to one closer to the nucleus, there may

be either luminous or x-ray radiation,

The greater the energy of the photon, the ehorter the wvvelength of the

z adiation.

An outside force acting on an electron may be such that the electron is

detached from the atom. Removal of electrons from the atomic shell is termed

ionization. An atom may be ionized through detachment of one or more electrons
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ffrom it (in the latter case it is multiple ionization). An atom o molecule which

has lost one or more electrons becomes a positive ion. Me positive charge on

this ion is equal in msngitule to the charge c the lost electrons. The energy

required to remove an electron completely from an atom without imparting kinetic

energy to it is termed the bondl energy of an electron in an atom.

The greatest bond energy is possessed by electrons in the K shell. Electrons

from more distant shells exhibit less bond energy (they are not bound to the

nucleus so strongly). This is because, first, they are situated at a much greater

distance from the nucleus, and, second, the attraction of the outside electrons

by the positive charge is compensated to a great extent by repulsion by the

negative electrons in the inside shell.

Measurements show that the energy required to letach one of the outside

electrons from an atom ranges from 5 to 20 ev, according to the ordinal ntbicr

of the atom. When thl" electron returns to its fomer dgbit, a light quanta of

onergy of 5 - 20 Lv is emitted as weil. TJ.his energy corresponds to the wavelength

of infra-red, visible and ultra-violet light. Mhe return of the electron to a

positive ion is termed recombination. Thus, the emission of inft-red, visible

and ultra-violet light (in the optical region) involves the behavior of the outerw

most electrons in the atoms.

In order to remr'e electrons from the inside shells of complex atoms we have

to have much greater energy than to remove them from the outside shells. For

instance, to remove an electron from the K shell In a sclium atom, we need energy
Alva

of about 1100 ev, for copper more than 9000 ev,/for tungsten about 70,000 ev.

The transition of &ectrons in this case from the L shell and subsequent shells to

a free place in the K shell results in the emission of high-energy quanta corres-

ponding to x-rays.

Let us now consider how the release of energy locked away in the atomic

nucleus takes place.

2. Reactions involved in nuclear weapons
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Some of th energy contained vithin the electron shell is released during

chemioal reactions (combustion of fuel, explosion of coventional explosives, 'anr

( so forth) and is called chemical energy. In the process there i rearrnge nt ofi 4
the molecules, causing variatioms in the electron shells of the atoms, while theiI

nuclei rma• n unchang-e. Reactions may either involve,4elease of energy or

absomption of it.

When lkg of TUT is exploded, about 1000 kilocalories are released, up to

7000 kilocalories are released vhen 1 kg of good coal is burnt, and up to 11,000

kilocalories of chemical energy are released when 1 kg of oil is burnt. Far

greater amounts of energy may be obtained from atomic nuclei since the energy

reserved in them is many times greater than . in the electron shells. The

energy released during nuclear reactions is millions of times greater than that

released when we burn the same amount of the best grade fuel.

As distinct from imical reactions, nftclear reactions involve changes in

the atomic nuclei. Hcrc thoro is an increase oe ec'luc•uLn iu Lhe nudmer of

neutrons or protons, leading to the formation of a new chemical elemnt or a new

isotope of the original element.

During nuclear reactions, Just as in chemical reactions, there is either

emission or absorptions of energy.

The energy which is reduced or absorbei is conventionally called nuclear

energy.

In order to explain nuclear reactions involved in nuclear weapons, we must

first consider the forces acting between the particles (protons and neutrons) in

the nucleus.

As is well kmown, particles with charges of the same siga repel each other.

It might seem that under such circumstances the atomic nuclei which is made urp of

like charged particles - protons - ought to decay spontaneously into component

parts, that is to say protons and neutrons. In most cases, however, nuclei are

very stable. This is due to the fact that apart from the electrostatic repulsion
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Sforces) in the nucleus there are special nuclear forces at work, yreventihg its

destruction.

Nuclear forces are only manifested at close distances; their range does

not exceed 10 cm, Outwardly nuclear forces are similar to molecular cohesion

forces in a fluid and make the nucleus spherical, which is one of the most stable
of the Icown shaper.

Mhe attraction forces (nuclear forces) in nuclei in most of the atoms

encountered in nature predominate over the electric repulsion forces, hence they

are very stable. The stability of Qie nucleus is a function of the ratio of

protons to neutrons in it. If the number of protons and neutrons deviate from a

set ratio, the nucleus is unstable. Unstable nuclei change spontaneouslyp turning

into stable ones. In nature this phenomenon is observed in the nuclei of heavy

elements - uranium, radium and certain other ones, In them the forces of repulsion

sometimes exceed the nuclear forces of cohesion and split up the nucleus into

pieces. But this spontaneous fission is very rare.

Since the protons and neutrons in the nucleus are attracted to each othe-

in order to split the nucleus into its component particles, we obviously have to

work against the nuclear forces and therefore spend some energy. Conversely,

when forming nuclei from protons and neutrons, the equivalent amount of energy is

released. The energy released during the formation of atomic nucleus from protons

and neutrons is termed the binding energy.

How can we determine the binding energy of the nucleus of a chemical element?

It has been experimentally established that the mass of the nucleus of any

atom is always smaller by a slight value A m than the sun of the masses of the

individual neutrons and protons required to form it. Let us show this from the

example of the helium nucleus 2H11e which comprises two protons and two neutrons.

The sum of the masses of the two protons and two neutrons is 2 x 1.0076 + 2 x 1.0089

= 4.033 atomic units of mass (aun) ). But the mass of the helium nucleus is equal

to 4.003 aurm. Consequentlyp when the helium nucleus is formed, the loss of mass is
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0.43 aurm. The dropJn mass diving the formation of nuclei bas CC=e to be called

the m=u defect.

( The corresponding amount of energy released can easily be determined from

the released mass on the basis of the law of the interrelation between mass and

energy. When determining the energy from the formula given below for mass in

terms of atomic units of mass, ve have to convert into grams. The formation

energy for a helium nucleus is equal to E ='nc= 2 0,03.1,66. 10-". (3. 100)"

•45, 10 - apr = 1,08. 10-12 eal.

here A m is the mass in grams;

c is the speed of light in cm/sec.

In order to determine how much energy is released in the formation of one

gram of helium, we multiply the amount of energy derived by the number of atoms

in a gram of heliumI, which is 1.5 10 . The energy released during the

formation of I gram of helium atoms is 1.08 10 x 1.5 10 - 1.6 10 cal.

This Is roughly thle same amount of energy prodaucedL oy the Jneproges Power Station

in an hour.

In terms of meaelectron volts the birling energy of the helium nucleus is

1,08. 10-128 1 SB=28 Mov
3.8 1. -20

It is sometimes easier to use the specific binding energy per 1 nucleon

E/A, for the calculations, rather than the total binding energy for the whobe of

the nucleus E. Conbequently, for a helium nucleus consisting of four nucleons

(A = 4), the binding energy per nucleon is E/A - 28/4 = 7 mev. The mass Oefect

is determined for all nuclei of chemical elements. For example, in the case of

*e heavy hy.roge (&euterium) nucleus, it is 0.00235 aum, for the lithium nucleus

0.034 aum, nickel nucleus, 0.171 amu, krypton nucleus, 0.756 aum, and uranium

1) In atomic physics the unit of energy is conventionally the electron volt (ev).

The electron volt represents the kinetic energy vhich is acquired by an electron

when it passes through an accellerating electric field with a potential of 1 volt.

i ev- 1.6 l0 erg - 3.82 "0 cal.

1 megaelectron volt (mev) = 10 ev,
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nucleus 1.915 asu. This means that ve can determine the binding romrgy for 9s..

chmical elements, Their binding energy per nucleon is: deuterium - 1.09 mev,

lithium - 5.35 mav, nickel - 8.0 mev, krypton 8.7 mev, avi uranium - 7.6 mev.

Table 3 schos the binling energy of the nuclei of all chemical elements per

nucleon EtA activated. in the form of.. curve.
-"-3fr 14?M36I Uranidm",f%.6mO

•O 801er g Maas Vber A

Fig. 3. Bind:Ing energy curve. Possible vays of releasing nuclear energy.

First way - fission of uranium nuclei into lighter nuclei.

Second. way - FoRtmAov of helium nuclei from deuterium and tritium
nuclei.

Mhe second way is more advantageous (clearly shown by comparison of
the explosion clouds).

In Fig. 3 the mass numder A is plotted along the horizontal axis, and the

binding energy per nucleon E/A is plotted along the vertical axis in mev.

The graph shows that the greatest specific energy is released during the

formation of atomic nuclei with mass numbers 60 - 80 in the middle of the periodic

tAble. Atomic nuclei which come at the beginning and end of the periodic table

are formed with a smaller energy release per nucleon. The specific biniing energy

curve gives a clear idea of tle stability of atomic nuclei of different elements.
T'Ur

The stronger the nucleus, the moreJtrgy which has to be spent on overcoming the

attractive forces when splitting a nucleon, proton. or neutron from the nucleus.

The energy required to do this is shown in Fig. 3 for each chemical element.

This is the amount of energy per nucleop which is released when a nucleis is

formed from protons and neutrons.
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Thus, the greater the specific bining energ, the moe stable the nucleus.

This means that the greatest stability is exhibited by atomic nuclei of elements

in the middle of the table, and Ileast stability by those at the beginning arA

and of the table. This fact suggess the two possible methods of releasing atomic I
energy: first by the fission of the nuclei of heavy elements coming-.at the end

of the periodic table into lighter nuclei; and second.•, by the fusion of nuclei
I

of light elements (for example, hydrogen) into heavier nuclei (for example, helium).

a) Release of intranuclear energy during fis~ion of heavy uraniun nucl.ei

into lighter nuclei.

The curve in Fig. 3 shows that the binding energy per nucleon for the
uranium nucleus is 7.6 mev, while the binding energy per nucleon for iron and other

closely situated elements is 8.7 mev. If we bring about a nuclear reaction in

which the nuclei of the iron ard elements close to it in the table are formed by

uraniun fission, 1.1 mev io released per nucleon, wince the released energy is

equal to ti-e distance between the binding'! energy of the terminal and initial

elements. •he reverse reaction (the fusion of mediwu-weiht nuclei into uranium

nuclei) would require the same amount of energy. Let us calculate how much energy

is released during the nuclear fission of 1 kg of uranium. During the fission of-

1 nucleus of uranium 235 into two more or less equal nuclei, the atomic weight of

each one of the lighter nuclei is approximately 255/2 = 117. Since the binding

energy per nucleon of these light nuclei is about 8.5 mev, the btal binding

energy of 1 light nucleus is 117 x 8.5 = 994 mev. But the total binding energy

of the uranium . 235 nucleus consisting of 235 nucleons is 235 x 7.6 = 1786

mev. When 1 nucleus of uranium is split int-o two light frapmentalthe energy re-

leased is equal to the difference between the total binding energy of the two new

nuclei of the light elements and the total binding energy of the uranium nucleus,

that is to say 2 x 994 - 1786= 202 mev.

A thousand g of uranium contains (6.02 e 10 - 1000)/235 = 2.56 1O atoms.

When the nuclei of all these atoms are split, the energy released is equal to

2.56 x I1 x 202= 520 - 10 mev A 2 "I0 cal= 2 " 10 kilocalories
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(I mev 3.8iOc14 calories).

To make the illustration clearer, let us calculate how much ST nee"& to be

exploded in order to obtain this amount of energy. We knov that ab.-at 1000

kilocalories are released during the explosion of 1 kg of WT. Consequently, in

our case we will need to explode a tremendous amount of TNT, about 20,000 tons.

b) Release of intranuclear energy during fusion of light atomic nuclei
(hy.rogen) into heavier nuclei (helium).

Let us calculate how much energy is released furing the formation of helium

nucleuc fran deuterium and tritium nuclei. The total binding energy of the

deuterium nucleus consisting of two nucleons is equal to 2 x 1.09 = 2.18 mev, while
I& i

the tritium nucleus consisting of three nucleons is equal to 3 x 2.78 = 8.31. mev.

But the total binding energy of the helium nucleus is 28 mev. Hence during the

formation of one HrLIM fu&C4oV3 from deuterium and tritium nuclei the

amount of energy released is 28 -(2.18 + 8.34) - 17.48 Mev.

Let us calculate the energy released during the fn a Mon of al! t1h4
nuclei of the atoms contained in I kg of helituu, from deuteriun and tritium nuclei.

One thousand g helium contains (6.02 10•' 1000)/4 = 1.5- 10 atom).

Hence for the formitio of 1 kg helium from deuterium and tritium nuclei the

energy released is 1.5 % 10 x 17.48 = 26.2 - 10 Mev = 1.0 - 10 calories = 1.0

1 10 kilocalories.

If we compare the calculations ve made for the first and second methods of

releasing nuclear energy, we see that practically five times more energy is

released by the second method than by the first.

At the present time both methods are used in practice. The first method -

the fission of uranium nuclei or plutonium nuclei into lighter nuclei by means of

chain reactions - is used in atomic weapons and in atomic power plants; the second

method - the fusion of helium nuclei from deuterium and tritium atoms by means of

a thermonuclear reaction - is used in thermonuclear Veapons.

3. Working principle of atomic warheads
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When the nuclei of uranium or plutonium atoms are bombarded by neutrons,

* they llit up into the nuclei of lighter elements. In the process, as pointes out,

a considerable amsunt of nuclear energy is released.

When a neutron strikes a uranium nucleus, it excited the latter atd reduces

its stability. As a result the nucleus loses its spherical shape, becomes elongated

and splits up into two *r~very occasionally) three nuclei of chemical elements

* in the midAle of the periodic table. For example, uranium forms pairs of nuclei

of' tellurium and zirconium, xenon and strontium, krypton and berium, and other

elements, the product nuclei usually having different masses. These new nuclei

Ctrawtsl are greatly overloaded with neutrons. Indeed, a nucleus of

uranium 235 containd 143 neutrons, while the isotopes found in nature, for

I example, krypton and barium, have only 50 and 82 neutrons, respectively, or a

total of 132. Consequently, the krypton and barium nuclei produced during uranium

fission have eleven extra neutrons. This means that the "fragments" of fission

become rodioactive. They emnit beta particles for Lhe reason that scae of the

neutrons in the nuclei are turned into protons. But the fragments are so over-

loaded with neutrons that two or three neutrons are released during fission in the

free form (an average of 2.5 for each split nucleus in the case of umanium 235).

The capacity of a uranium nucleus to emit several neutrons during fission

is the basis of the so-called nuclear chain reaction. The principle of it is as

follows. Let us agree for the sake of simplicity that two free (secondary)

neutr',ons appear in a pie-,. •-cf uranium every time one nucleus is split (Fig. 4).

By colliding with th•e two nuclei and causing them to split, the two

secondary neutrons give rise to four free neutrons. The latter, in turn, cause

the fission of the four nuclei, rcsulting in eight secondary neutrons and so on.

In this way, the number of split nuclei, and therefore the number of

product neutrons, builds up at a tremendous rate progressing like an avalanche,

without any outside interference.
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Fig. 4. Diagram showing progress of a nuclear chain reaction.

Hence the process is known as a nuclear fission chain reaction. Since it all

takes place in a millionth of a second, there is in effect an instantaneous

release of energy, in other vords, an atomic explosion.

An enormous emouat of energy is released during the explosion. As pointed

out already, (luring the fission of the nuclei in 1 kg of uranitmi 235, the energy

released is equal to the explosion of 20,000 tons of TNT. Tho pover of atomic

bombs is conventionally expressed in Lhe MT equivalent, that is to say the amount

of •fIT i4hich when ex•ploded produces the same armount of energy as the given atomic

bomb.

What condition is required to bring about the nuclear chain reaction?

Experiment shový that not all the product neutrons cause fission of the next nuclei.

Some of them are hurled beyond the piece of uranium, ylule others are captured by

the uranium nuclei without causing fission. Chain reactions riay take place at

different rates according to the proportion of lost neutrons.

If only one of three neitrons produced by the fission of a uranium nucleus

causes the next nucleus to split, the chain reaction takes place at a constant

rate. But if the number of new fissions is less or greater than 1, in the first

case the chain reaction abates, and in the second ca=c proceeds at an ever increasing

rate and. ends up vith an explosion.

Consequently, to develop an accelerated chain reection, ve have to make
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certin that an average of at least one neutron from those freed during the

fission of each nucleus causes a subsequent fisdon.

The mean ni±er of new fissions caused. by neutrons from one split nucleus

is termed the O ,xe-M-l s factor of the nuclear chain reaction, A chain

reaction rf an explosive nature is only possible If the multiplication factoT is

greater than unity. The greater the factor compared vith unity, the mere rapidly

the nuclear reaction in the charge occurs. For example, if the *ultlplic"iimctor"

is two, there is an average of two nev fissions per one split nucleus. The number

of neutrons causing fission increases in the following geometric progression -

1:2:4;8:16:32:641; The number of neutrons is doubled from one generation to the

other, so that by the tenth generation there are 1024 of them, and by the

eighteenth generation about 10 , that is to say about as many as there •atoims in

0.4 kg of uranium. 1hus, the rate of development of the chain reaction is a

function of the way the neutrons multiply and the multiplication is described by

the multiplication factor of the nuclear chain reaction.

This rate of development depends as vell on the energy of the bulk of the

neutrons taking part in the fission reaction, since not all the nuclei of uranium

isotopes are capable of being split by neutrons. As is well kIown, natural

uranium consists mainly of two isotopes - uranium 235 (0.7%) and uranium 238

(99.3%). Uranium 235 nuclei can be split by neutrons possessing any energy,

W4rtmak large or small. But the uranium 238 nuclei can only be split by neutrons

with energy greater than a certain strength of 1.1 mev. If the energy of the

neutron is less than this, it is captured by the uranium 238 nucleus vithout any

f ijsion.

Even in this case, however, if the neutron's energy is greater than the

threshhold value, the most probable result ' +collision with a uranium 238 nucleus

will be inelastic scatter rather than capture. Here the neutron loses some of its

energy, and at the next collision the energy will be lesr than threshhold. By

virtue of this, the fission of uranium 238 due to neutron capture is very rare.
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It shoula be pointed out that if the neutron has a fair amount of nergy -

more than 5 Mev, uranium 2M8 nuclei are split fairly effectively. This fact is

(: applied in thermonuclear weapons to increase the power of the explosion, vhich Vill

be described below.

Chain reactions are divided. into slow neutron and PAT. neutron reactions

according to the energy of the neutrons taking part.

Slow-neutron chain reactions occur in nuclear reactors in uhich natural

fuanium or uranium enriched 235 a resent in the form of separate I
blocks and are uniformly distributed throueh the moderator (ordinary or heavy water,

or•A~L~hite) A nuclear chain reaction is only possible in natural uranium if the

neutrons have mnall energy (about 1/40 ev). At such low energy the probability of I

fission of uranium 235 is so great that, despite the low content bf nuclei, the

fission of them outweighs the capture of neutrons by uranium 238 nuclei.

MTe purpose of the moderator is to decelerate the neutrons quickly, that

Jis to say neutrons formed by the fission of the uranium 235 nuclei, and to prevent

them being captured by 238 nuclei.

Fast-neutron chain reactions may only be attained in uraniun greatly en-

riched vith the 235 isotope, in vhich the neutron capture is slight on acconnt of

the low concentrathn.

Fast-neutron chain reactions occur in certain types of nuclear reactors and

in atomic bombs.

It follows from what has been said above that the commonest uranium isotope

in nature - uranium 238 - cannot be used in weapons for chain reactions. Only

uranium 235 is suitable fo this purpose (or natural uranium strongly enriched with

uranium 235), or else artificially produced urani-m 233 and plutonium. Uranium 233

is obtained from thoriwmr and plutonium is obtained from uranium 238 by irradiating

them with neutrons in reactors.

Let us now analyze the factors on which he magnitude of the multiplication

factor depends.
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The multiplication factor is contingent uponi a. number of things. The most
- iqportant of them are the type and amount of fissionable material, the shape of the

charge, the material of the shell containing the charge, and the presence of

impurities in the charge itself. Let us take a brief look at the effect cf these

factors on the Ceveloraent of a chain reaction in the fissionable material.

The path traversed by a neutton until its first collision with the atomic

nucleus is called the free path length of the neutron. The mean free path length

in fissinable material is of the order of a few centimeters. Hence, if the size

of the charge, for example, the diameter ot the sphere, is less than the free path

length, a chain reaction is impossible Crig. 5a). In this case the neutrons released

during the fission of individual nuclei leave the charge without causing the fission A

of other nuclei, and are scattered into the surrounding space.

To prevent the product neutrons moving outsile, and to malm them cause the

fission of other nuclei, the diameter of the sphere should not be less than the

free path length of the neutrons (Fig. 5b). It will be clear from this that an

atomic explosion can only occur when there is sufficient fissionable matter.

The least amount of fissionable material in which it is possible to have a

self-sustaining chain reaction is termed the c~ical mass. When the mass is large,,

the reaction is an explosive one.

The critical mass is a function of the shape of the fissionable charge to

a tremendous extent. As the charge surface increases, the weight of the fissionable

material remaining the same, the proportion of neutrons Which escape vithrut

splitting other nuclei increases. In view of this, the veight of the critical mass

of a spherical charge which has the least ratio between the surface area and the

volume is less than the weight of a critical mass of a cubic charge, and is con-

siderably less than that of a charge in the shape of a )arallelepiped. Thin sheets

of wire made of fissbnable material possess such an extensive surface that virtually

all the neutrons formed during nuclear fission escape, as shown in Fig. 5c. Hence

thin plates or wire of this kind may weigh a great deal, though the mass is less

than critical. Fissionable material can be made into this shape, therefore, if it
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is to be kept for a. lag time.
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nea.rrons
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Fig. 5. Effect of shape and size of fissionable matter on development of

chain reaction: a) in small piece of fissionabl~terialp even if the

charge has the most advantageous shape, a sphere, there is no chain

* reaction; b) in the charge the fissionable material is spherical in

e shape with a dinmeter several times greater than the mean free path

leng••a te chain reaction develops quickly; c) no chain reaction

develops in a thin plate of fissionable material.

For ecample, a rectangular plate 0.5 x 40 x 25 cm in size with aL volume of

- 500 cin bas a surface of 2065 cm A sphere of the same volume (with a radius of

about 5 cra) has a surface of about 314 cm n As can be seen, for the same volume

(mass) the surface of the sphere is considerably smaller than for a thin plate.

"Hence, the leakage of neutrons into the surrotuding space is consiaerably less

in the case of a sphere than a thin plate.

This means that the Mu4t4ii.cAno.ibctor of a sphere is equal to unity at a

considerably smaller mass than some other shape. In other words, the criticas.. mass

is least when the fissionable material is spherical in shcpe. Calculaticos show

that for uranium 235 the critical mass in this case is several tens of kilograms

(data given below).

The special casing (neutron reflector) placed around the fissionable charge

has a substantial effect on the multiplication factor and the critical

mass. ':ne casing is intended to bring back neutrons escaping from the fissionable

material to the nuclear reaction zone. By bringing back some of the escaping
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neutros, to tU reactica zone, the reflector steps up the multiplication factor

and reduces the critical mass of the fissionable material.

The presence of impurities in the fissionable materiAl also has a con-

a Idexable off ecb can the multiplication factor. As the amount of impurity is; in-

creased), the miltiplication factor is decreased arA the critical mass is increased.

When there iea large amount of impurity, the latter may absorb such a large

number of neutrons freed during the f ission of heavy nuclei that an explosive c:

chain reaction bercmes Impossible. I

The critical mass also depends on the density cf the fissionable matter. I

As already pointed out, the linear dimensionmof the critical mass should be

c uparable vith the mean free path of the neutron, vhich is inversely propcrtional

to the number of nuclei contained per unit volume of fissionable material. In

going from linear dimensions to mass it may happen that the critical mass of the

* charge vithout a reflector is approximately inversely proportional to the square

* of the density of the fissionable material. 11is means the density is doubled, the

* critical mass is reduced by a factor of four.

Conversely, if fissionable material vith a mass greater than critical is

expanded, vhich actually happens vhen the temperature ay pressure are raised during

the fission process, there is a reduction in density causing the mwss to become

subcritical and thereby halting the incipient chain reaction. A chain reaction can

* also be moderated by fisdan products, many of which can absorb neutrons to a

great extent.

In every atomic bomb some of the fissionable material - at least as much as

the critical mass - is inevitably lost (does uot undergo fission)l). This means

that small-caliber atamic bombs are less economical in the use of fissionable

material than large-calliber bombs.

TEhus, the above factors appreciably increase the critical mass of the

original amount of fissionable required to cause a nuclear explosion. In order to

use up more fissionable material, we can apply the relationship between critical
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mass end density. This can be done if at the beginning of the fission reaction

the nuclear charge is sebjected to intensive compression of approximately a million

atmospheres, as a result of which the density is roughly doubled and the critical

mass correspondingly reduced by a factor of four. I
It is mentioned in foreign literature that this tremendous pressize is

produced by exploding a spherical shell made of conventional explosive, inside of '

which the nuclear charge is contained (an internally directed explosion). When the I

shell explodes, the gases speed towards the center of the sphere and press on the

nuclear charge. This method of obtaining a critical mass is known in literature

as the implosion principle. Atomic weapons baued on this principle are termed

subcritical in the foreign press. In subcritical atomic weapons it has been

possible to bring about a considerable increase in the percentage of fissionable

material used. It is pointed out that the method has been used to successfully

incrrease the material experiencing fission to 20% or mcre, instead of the 2 - %

in the first atomic bomb.

It should also be pointed out that success in producing an atomic explosion

is also Wvsii, sy extraordinarily high rate of build up in the fast-neutron

chain reaction. If the reaction rate were not as high, the exceptionally large

accelerations (of the order of 10f) m/secl) vhich are imparted to the bomb casing

would result in considerable expension causing the density of the fissionable

material inside to decrease. This in turn would lead to cessation of the chain

reaction for reasons already pointed out.

At the tremendous iressures created during nuclear explosions, the rate of

destruction of the shell containing the fissionable material in compact form is

only a function of its mass (that is to say, its inertiaeproperties); the strength

of the iaerial of the shell is insignificant. The critical mass for the material

used as the charge is also a function of its ability to be split by neutrons with

different energies. It has been found that uranium 233 and plutonium are more

capable of this than uranium 235, hence the critical mass of uranium 233 and

plutonium charges is less than uranium 235.

-29-



Let us cite saie data on critical muses.

At the present time a certaen axot of dsaa on the critical masses of

f issiomble material has been publishe& in foreign literature. The most detailed

facts are given for charges consisting of uranium 235. For example, according to

Nucleonics;'No. 6, Jume, 1957, the critical mass of a spherical charge (93.5n

uranium 235 and 6.5% uranium 258) had a density of 18.8 g/cml and is 48 kg. The

radius of this spherical charge is about 8.5 cm. A neutron reflector can reduce
Shie critical mass several times. According to Table 1 in the same journal, the

i ~most effective reflectors are madie of beryllium., tungsten and natural uranium,.

Graphite, copper, iron,, aluminu, zinc and other materials can be used as less

effective reflectors.

Even when a fairly thick iron reflector is used (about 10 cm), however, the

critical mass can almost be halved, as shown as follows from Table 1.

Table 1.

Critical Hass (in kg) of sphericel charge of ulunium (93.25%
uranium 235 and 6.5% uranium 238) with reflector.

Reflector D Thickness of reflectorMateialDensity of reflector materialr 10 cm-'
Materialg'cm 3  5 cm 0cm

Beryllium. 1.84 20.8 14.31

Natural uranium... 19.0 23.5 18.4

Tungsten... 17.4 24.1 19.4 44

Graphite... 1.69 29.5 24.2 -

Copper... 8.88 25.4 20.7

Iron,.. 7.87 29.3 25.3

SA luminum... 2.7 35.5 32.0

The article in Nucleonics also implies that the thickness greater than 10 cm

in a reflector is undesirable from the standpoint of reducing the crystal mass, since

a greater thickness does not bring about any substantial increase in the efficiency

of the rcf2.ctor.

The Journal prints a graph (Fig. 6) illustrating the effect of the percentage

content of uranium 2355 on the critical mass of a spherical charge with and, without
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a reflector. It is vorth noting that in the urani'm 235 eccentratib is less

than 6%, a self-sustained, fast-neutron reaction is impossible, no matter how

(7' great the mass of the charge. This also implies that a self-sustainea reaction is

all the more impossible in natural uranium which only contains about 0.7% uranium

235. At the same time, in slow-neutron reacticns, (because of the special moder-

ator introduced into the nuclear fuel), even when the enrichment of the natural

uraniu• is comparatively slight, the critical mass may be several kilograms. But

a slow-neutron reaction, despite the fact that the consumption of uranium 235 can

be cut dovn sharply, cannot be employed in nuclear veapons because of its slowness.

,~4000-
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0 6 U
400V7tho~it roflector

U.M ZOO
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tN u 80
60 4ith a

S'o thic1,
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0.2 4 a 10 20 4008
Contents of uranium, 235.•Io

Fig. 6. Uranium 235 content (in kg) in critical mass ac, afunction of its

concentration (in percent).

The foreign press states that as the density of the fissionable material

is increased, the critical mass of the charge with a thick reflector varies in

inverse proportionto the density to the power of I cr 2, that is to say rather more

slowly than for a naked charge.

Very little data has been published on the critical mass of plutonium and

uranium 233. We only know that their critical masses are approximately equal and

* constitute about 5 - 6 kgI for a naked charge. If a tamperf added, the critical

mass of these materials is reduced in approximately the same proportion as for

- F. Ki,A . -R Mom,(," I-V . '- • -31-
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f Consituctic of the atomic charge. The atonic explosion is brought abo-dt by

transferring the charge from a subcritical to a critical srate, or more exactlyr,

to a supercritical state. One version of the attmic warhead can be iagind to

be as follovs. Up to the moment of explosion, the total charge of the bomb may

be divided into two or moro parts; the size of each part is less than critical,

thus preventing premature explosion of any of them. To bAig about the explosion,

all the parts of the charge have to be combined into one. Mhey have to be broujit

together very quickly so that the energy released at the beginning of the reaction

should not cause the unreacted parts to be blown to pieces. This conditions the

number of split nuclei result mfi/%he chain reaction, and also the power of

-the explosion. When the masses of the nuclei charge are brought4together, the

chain reaction begins at the moment there is a small gap between them, nnd not at

the moment of contact. If they are brought together slowly, they may be destroyed

through overheating and fly off in all directions; the bomb is then destroyed

without having blotm up. It is the ofore essential to cut down the time m--ken by

the approach by imparting a h[ih velocity to the approaching asses. Mae action

of the explosion of ordinary explosive can be used to combine the I-arts of the

charge in the bomb. In order to increase the utilization of the fissionable

material during an atomic explosion, it is surrounded by a neutron rampep. and

placed inbide a casing wtde of dense material.

Fig-. 7 shows s. simplified diagram of the construction of AN atomic charge.

The uranium or plutonium obarge is divided into six parts. When the explosive is

exploded, all parts speed towards the center and form an atomic charge with super-

critical mass, surrounded by the r4ector and solid metal casing. There is an

atomic explosion. Other methods of forming the critical mass may also be used.

For example, by changing the shape (linear dimensions) of a certain amount of

fissionable m~terial with a subcritical mass, the mass may be made critical or

supercritical in certain instanceg. This happens, for instance, when we crumple



a thin spherical shell of waniim or plutonium into a ball. This can be d•one in

the folla4ing vay. Conventional explosive is placed axoi4 the thin uranium nr

plutonium shell and explod~ed at the lesired moment. The gases crumple the uramii.m

or puttonium shell into a ball, forming a sWpercritical mazs in vhich a chain

reaction begins and ends up by the explosion of the fissionable naterial.

Fig. 7. Simplified diagram of atomic bomb: 1) uranium or plutonium;

2) conventional explosive; 3) neutron tamper.

To mu1l sure the atomic charge does not fail, and to accelerate the devel-

opmentdc the chain reaction, and therefore to increase the utilization factor of

the nuclear fuel, bombs usually contain artifical neutron sources. These sources

are brought into action the moment the parts of the charge combine (the momeet the

supercritical mass is formed) and irrarUate them intensively vith neutrons.

The energy produced by the explosion of the atomic charges (based on nuclear

fission) may be of various kinds. According to foreign press reports, the TNT

equivalent may range from 1000 to 500,000 tons. The lover limit, as pointed

out, is determined by the utilization factor of the fissionable material; in

charges with the TNT equivalent of less than 1000 it is too low. The upper limit

is WeIGEP bIy the fact that the vetght of the individual parts of the hbarge

cannot be increased to an unlimited degree, since their mass must clearly be less

than critical. If ve choose the system of increasing the parts of the charge,
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great d~ifficulties arise in ecitbining them all into one at the ssmz moment.

4,. Wozkin principles of thermonuclear- ci.rges

Nuclear veapons of a larger clliber are based on the use of thermonuclear

reactions.

They are based on the formation (fusion) of helium nuclei from the nuclei

of hydrogen and lithium isotope. In the first thermonuclear bcmbs, only hM.rogen

isotopes were used as the nuclear charge. Hence they were called hydrogen bombs

and they kept that name for a long time. At the pesent time we Imow of several

possible rusion reactions.

The choice of one or the other is usually based on the temperature at vhich

the reaction takes place, the duration of it and the energy yield, the aggregate

state of the charge just before the reaction (liquid or solid) and (olher factors.

It is evidently more advisable for the fusion of a helium nucleus during thermo-

nuclear reactions to use heavy hydrogen (deuterium) and super-heavy hydrogen

(tritium). The reactions takes placnost rapidly in a mixture of deuterium and

tritium at the same temperatures and densities. Here almost five tgiivs more energy

is given off than in reaction with deuterium alone. Furthermore, high-energy free

neutrons are released from the deuteriumi-tritium mixture and can be used to

increase the force of the explosion, as will be described b6low. For the fusion

we could also use light hydrogen atoms consisting of one proton alone. But the

rate of interaction between light hydrogen nuclei at the highest temperature is so

I low that the reaction is not an explosive one.

Let us consider the fundamental conditions required for the fornmtion of

helium nuclei from deuterium and tritium nuclei. If deuterium and. tritium nuclei

L) According to later press reports, the MT equivalent of an atomic device is

supposed to be able to C R 415 TIO1o200 tons.
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are brought together until the distance between them is equal to the dimensions

of the atomic nuclei themselves, they come within range of the powerful nuclear

forces zhich then combine them into a stable system - the helium atom nucleus.

The nuclear energy released during the process takes the form of the kinetic

energy of the nascent helium nuclei and neutrons.

When bringing these nuclei together, considerable energy has to be spent on

successively overcoming the electrostatic forces of mutual repulsion between the

electron shells, and then the still more powerful electrostatic forces of mutual

repulsion of the nuclei themselves. But ss soon as the atomic nuclei are close

together, the nuclear forces carry out considerable work. The energy released is

much greater than that required to aecome the electrostatic repulsion. On account

of this, the combining of d•euterium and tritium nuclei, now at the inctpient stage,

can be further aus taine. anl even accelerated by the surplus energy released from

the fusion of the preceding nuclei. At high rates of nuclear transformation, this

reaction, just as durizig the fission of hlvy nuclai, acquires an explosive nature.

But how can we find the energy required to overcome the electrostatic

forces?

It is acquired by pre-heating the hydrogen isotopes to tens of millions of

degrees. During this process the atoms loose thc ir electron shells during the

very first collisions with other atoms. The result is that the material then

consists of "naked" nficlei and electrons moving about independently of them.

Matter in this state is said to be a plasma. The velocity of thermal motion of

the particles attains such magnitude that the hydrogen nuclei can approach anl

ccb ine with one another. The reaction occurring as a result of this strong

heating are known as thermonuclear reactions. They take place at superhigh

temperatures and pressures.

A thermonuclear reaction is very sensitive to temperature. For example,

the fusion of tritium and deuterium 'oPiS r q 1WfrVEN Pmv/. compared with all

other thermonuclear reactions, even at one million degrees. But if the temperature
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is raised to two million degrees, the reaction rate here is increased several

thousand times.

At a temperature of two million degrees the energy release rate reaches the

order of 10 cal/sec per I g of mixture. The h•Irogen nuclei have the least

charge. Other elements have a larger charge. The larger the charge, the greater

the amount of energy required to overcome electrostatic repulsion.

Consequently, to form nuclei from other, ligh lements we need still

greater temperature and pressure. This makes it clear Vhy it is hydrogen vhich is I
the most convenient substauce for a thermonuclear reaction. I

As has been pointed out, for the thermonuclear reaction to occur, the

hydrogen isotopes have to be heated to temperatures of several 'nillion degrees.

A temperature of this kind is produced when uranium or plutbndum is exploded. Hance •

the conventional atomic charge (atomic detonator) is an integral part of the

thermonuclear charges aryl serves as the source of super high temperature.

Thle princ3Iple of *the hydrogen bomb is vell known. The deuterit= and

tritium are kept in-tf~liquid state -In a tank with heat-proof casing , vhich serves

to keep them for some time in a highly-coole& liquid state. According to fe.eign

press reports, the heat-proof casing may consist of three layers - a solid alloy,

solid carbon dioxide and liquid nitrogen. The atomic charge is placed close to

the tank with the hydrogen isotopes. When the charge is pxploded, the isotopes

are heated up to a high temperature and the conditions are creied for the thermo-

nuclear reaction and explosion of the bomb. A hydrogen bomb containing liquid

hydrogen isotopes proves impractical since it weighs too much. For example, an

American thermonuclear device of this type veighed 62 tons, and could not therefore

be carried by an ordinary aircraft.

Another great disadvantage in bombs of this kind is the fact that the

proluction of tritium contained in the thermonuclear charge is an extremely cam-

plicately and costly process. Furthermore, tritium is radioctive and has a

comparatively short half-life (about 12 years).
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Hyrogen -eapon ave continually been improved since the =ment they f irs

a4pe&we&. One step in this direction vs to replace liquid hydrogen isotopes by

a solid deuterium-lithium compound - lithium deuteride. This immediately made it

possible to reduce the size of the hydrogen bomb, since lithium deuerMe he i a
light solidl. Some of the thermonuclear charge m~y also consist of a campoinel of

super-heavy hydrogen (tritium) and lithi-•m.

Hydrogen isotopes compounded with lithium are known as lithium hydrides.

ftThe latter do not need. to be KEPTr IN~ A~ Ca~ EDSA Furthermore, although

lithium is the lightest metal, the density of lithium hydride (0.82 g/cm ) is far

1peater than tiat of the heavy hydrogen isotopes in the liquid state (0.07 g/cm9).

The thermonuclear reaction occurting in lithium hydride is of a complex

inture. It is assumed that the lithium introduced into the charge is partially

converted into tritium by the neutrons released when the atomic detonator explodes,

and that the tritium thew reacts with the deuterium. It is pointed out that to

begin the thermonuclear reaction, tho charge mixture itself can contain a small

quantity of tritium. •hen the funinn has started, the neutrons required to produce

tritium from lithium are formed by the fusion of deuterium and tritium nuclei

into helium nuclei. Furthermore, the high temperature produced by the detonator

ensures a direct reaction between deuterium and lithium as well as between tritium

and lithium.

As soon as the thermonuclear reaction has began, it can be sustained and

even accelerated by means of heat given off by the reaction itself. -2

As already mentioned, then helium nuclei are formed from deuterium and

tritium nuclei, the F'*OT. neutrons escape. Hence an enormous number of fast

wutrons with an energy of about 14 Mev are hurled out of the reaction zone. We may

ask whether these neutrons might not be used. to intensify the explosion. It seems

that this is possible if the hydrogen bomb is contained in a casing made of the

1comparatively inexpensive natural uranium 238.

Fig. 8 shows hw this charge might look. Tie charge is based on three phases:
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fission -fusion - •isuion. Tis type of badb in caleed the t2 g, e bomb aM

m et i ts h rogen-m-8niumbom in foreign literature. In this bomb the

"cdetomator first explodes (fission); then a thermonuclear reaction begins in the

lithim hydride, accompanied by the release of an enormous number af fat neutrosr

(fusion). The neutrons cause splitting of the natural uranium nuclei, comprising

the casing (fission). J

4•

LFig. 8 Simplified diagram of thermonuclear charge based on principle:

Fss/O--fusionkfiesion: I) uranium or plutonium charge; 2) conventional

explosive; 3) lithium hydrides; 4) casing made of uranium 238.

This system is more advantageous than any of the otheys in that the paver

of the bamb can be made many times greater than rone in vhich there is no uranium

casing. In the case in point, as much as 900 of the energy fEfiS'E^/the explosion

can be obtained through splitting of the uranium 238. A further advantage is that

the increase in the power of the explosion is brought about by relatively inexpensiveA

material (compared, for example, vith deuterium or tritium), namely natural

uranium, vhich consists basically of uranium 238, and is used as the casing.

A casing of this kind cannot be used in the atomic bomb, since the nuclei

of uranium 238 atoms only split up satisfactorily vhen subjected to very high

energy neutrons (more than 5 Mev). During the explosion of an atomic bomb, however,

most of the neutrons have insufficient energy for the fission of uranium 238

nuclei. The charge layout given above can be varied within wide limits. The
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larger the caliber, the relatively larger the ebarge of the therm==ul~ar ez...

plosive and tie more massive the casing, and so an. Se use of uranium 238 as aIIcasing enables us to vary the power of the weapon from several tens of thousands

of tons to several million tons.

If the diameter of the bomb is 1 m and the thickness of the uranium casing j
is 5 om, the veight of the uranium amounts to about 3 tons. Even if only 15%

reacts vhen ti bomb of this kind is exploded, that is to say about 500 kg of

Siraniun 238, the TNT equivalent is still about 10 million tons.

To produce energy vith a TNT equivalent of 20 megatons, we have to bring
|A

about the fission of 1000 kg of uranium 238. It is stated in foreign literature
!j

that to produce the required number of high-energy neutrons, we need 20 kg of

mixture of lithium deuteride (3 LM H ), during the explosion of vhich the energy

released is equivalent to two megatons. Thus, we see that the main source of

energy in thfe explosion of a bomb based on fission-fusion-fission is uranium 2758.

It is pointed out th-tt the use of a uranium casing has made it possible to cow truci

thexmonuclear bombs with a UNT equivalent of 20 - 40 megatons. By ;rying the

thicim.ess of the casing ve can construct warheads of different power.

When thermonuclear bombs of this kind are tested, a great amount of radio-

active matter coutamines the atmosphere annl may Th1'. onto Lhe earth a long wiay

from the area of the explosion. This fact is extremely dangrous for both the

Spresent and the future generations. In order to increase the radioactive con-

I •tmination of a locality during a thermonuclear explosion, foreign experts propose

that in certain cases use should be made of a thermonuclear bomb casing consisting

of material vhich becomes radioactive when subjected to the action of neutrons.

This matter can keep the air and the entire locality of the explosion contaminated

for a long time.

Chemical elements capable of this include cobalt, zonc, strontium, cesium

and so on. Hence, the "cobalt", "zinc" and other similar bombs are not veapons

with a new type of nuclear combustible, but thermonuclear bombs in which the radio-

active action is intensified by the inclusion of these elements in the cauing.
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The "clean" h~rogen bo. Over the last few years the peoplt•u - the

vorid have resolutely rrotested aginst nuclear tests. Theyere particularly

Vrried ebout the fate of future generations on account of "contamination" of

-the atmosphere By •rArdi4 resulting from the nuclear testA..

In order to distract the attention of the peoples of the world from the

question of banning nuclear weapons and halting tests, American imperialist

circles have put forward the idea of the so-called "clean" hydrogen bomb. The

American newspaper "Washington Post and Times Herald" has commented tbat: "The 3

'clean' bomb is one vhich, despite the fact that its destructive power is j4s4 A5s a'#?r

can be exploded in such a way that it does not disseminate istrontium 90 which wouid

poison the earth's 'atiosphere' in an ordinary h3drogen explosion."

Some commentators in discussing the American press statement have asked

the quostion, how practical is the idea of a "clean" hydrogen bomb in the true

sense of the vord? There is only one answer: in principle there cannot bp any

"clean" bombs since a nuclear explosion cannct take piace without the occurrence

of neutrons, and the capture of neutrons by the air and earth (water) creates

radioactive fallout. Nevertheless it is possible to reduce Uhe radioactivity of

an explosion to a small extent.

In order to reduce the number of fission fra~nents from the uraniurn or

plutoniumyhich are the main sources of contamination of the atmosphere and earth

during a hydrogen explosion, the desi4 of the present hydrogen bombs has to be

modified, as pointed out in the foreign press, that is to say the use of a uranium

casing and an atomic detonator has to be abandoned.

Here the question arises, how can we attain the high temperature required

for the thermonuclear reaction between hydrogen and/or lithium hydride? For the

moment it is difficult to answer. It has been conjectured in the foreign press

that it maybe possible to find new vays of detonating hydrogen bombs based on

the use of shockvaves from the explosion of conventional explosive.

It is pointed out that the principle of cumulation or other properties of
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eho=kavms could be used for this purpose. A velocity of the order of 10 cm/sec

has bee observed over a small AgIA of the ront of a cu=iati.ve jet vith a
WNSM

beryllium coating fep'lc&e& in a vacuum. igs tremendous kinetic energ corresporns

to TWE initial propagation velocity of -A shockvave at an explosion temperature of

about one mi1llion degrees. ':But 1htean velocity of the cwmu]ative jet is

g roughly ten times lower. Hence there are great difficulties in the way of applying

the shockwave method to bring about a thermonuclear reaction. It will take time

5 before they are finally solved.

5.Types of varfare vith nuclear weapons

The various designs and caliber of nuclear varheads makes- it possible to

use them in warfare for different purposes.

First of all it should be pointed out that nuclear weapons may be used for

two purposes. First, they can be used directly against the enemy soldiery and

armainents on the battle field. Secondly, nuclear veapons can be used to strike

powerful blows against very importanL industrial, transport and pe.litical centers.

According to the purpose in mind, fore..i experts subdivide nuclear weapons

into tactical and strategic veapons.

Tactical nuclear weapons vqAy lN caliber and, according to Fore i5

press reports, have a INT equivalent of about 1000 to 50,000 tons. The smallest

warheads can be used against the enemy's front, in anti-aircraft Sj#m and also in

aerial combat. It is also possible to use nuclear warheads extensively at sea, in

torpedz, mines and depth charges. They can also be used on land for obstructional
A'

purposes and also for explosive operations below ground and in rock.I Nome-D ,vro
The WAy iw, WN ieN nuclear warh-eM- •R.military MrsK&rS is a very important

matter. In tactical weapons the nuclear warheads may be carried by non-guided or

guided ballistic missiles (rockets) of different range,/dircraft ard alsoflarge-

caliber artilleryg-icLS.

The commonest form of anti-aircraft nuclear weapon is the gaided groumd..-4jo-

air missile carrying a warhead similar to that used in the W. under the name of



I

Nike-Zeue with a TRT equivalent of about 5000 tons. At sea nuclear varheadAs my

be carried by torpedot or even remote-controlled launches. Here geat importance

CIE is acquire& by submarines which can shell coastal targets with nuclear missiles

both while submerged and on the surface.

There is no clear-cut line between tactical and strategic vwsepns For eign

experts think tInt strategic problems can be solved under certain circumstances by

the use of nuclear warheads intended for tactical purposes. Nuclear contingents

of troops intended for use against standard strategic targets vill have a MT

i oruivalent of 1 - 5 megatons. Finally,, it is possible to have still more .-awer-

i~ ful nuclewe charges with a MNT equivalent of up to 40 - 50 megatons.

Nuclear weapons for strategic purposes vill usually be carried by long-

range rockets, intercontinental rockets and pilotless aircraft. The use of piloted

craft is possible as well. Accordinag to foreien experts, the most effective

n of nuclear vcrheads when the range is more than 6000 In are multistage

intercontinental rockets and. sinLie-stage rockets for ranges of about 1000 km.

Also possible in the future is the wie of high-altitude balloons carried

along by air currents at a height of 30 or 40 km. Reports have appeared. recently

in the foreign press to the effect that artificial earth satellites could be used.

to drop powerful nuclear bombs.

The foreign press points out that as a rule all strategic veapons can ensure

the delivery of nuclear charges to the desiredlefrea with ccmparatively high

accuracy. THef etA 6 Sr4 •P• TO FAL. Wj woti a radius

oF about 1 to 20 lm.

Under these conditions the use of atomic charges with a TNT equivalent of

s everal megatons could lead to the disperson area being completely covered by the

contaminated zone during the explosion. This makes it possible to hit important

targets accurately, even if they are small in size, such as factories, strategically

1, important bridges, drams and sluices, power plvats and so on. Thus, present-day

nuclear strategic weapons are a powerful and reliable mnhod of strikine at the



enwy smd are 3ststaiXtially sup.sirir in all respects to the strategic athmsft of

Werl& WarITI.

C 6. Phienasm observe& during a nuclear explosionI

Depending on the nture of the objective and the purpose of the atmic

attack, a nuclear explosion can be carried out in the air, on land (vater) or under

ground (unaer water). Accordingly, we distinguish/ , ground (water) and

underground (under water) exPlosions.

Nuclear explosions in the air are usually intended, to destroy cities and

industrial buildings. P or destroying soldiers and armaments on the battle field5

and destroying aircraft on the ground; in these instances -the explosion takes

place at a height of several hundred or thousand meters above ground, according

_ to the MNT equivalent of the charge. An aerial nuclear explosion may be used to

"destroy aircraft and ptiotless craft in the air. In this case the explosion can

occur at high altitudes above the earth's surface and is called a high-altitude
s.Lvt'. , i
nuclear explpocion. xoruid-.tk'L .waLv-/ ta.plosions are intend.ed to destroy

stronger buildings, railwy junctions, heavy shelters, airodromes and ships on the -.

" TTo oc•cu..
waer . Tley can be made lat an altiude of soveial dozen meters above ground

(water) or actually on the ground (water).

An under Vound atomic explosion may be used to destroy extra strong 4

underground constructions) aerodromes, underground factories and stores. In certain

cases an underground or groundI'jfP-jIosion may be used to contaminate a locality

in the enemy's rear. 4

An under water nuclear explosion is intended to destroy submarines, ships

on the surface of the sea, and hydrotechnical constructions (dams, weirs).

As is kmown, the question of intercepting ballistic missiles has not yet

been solved. Nevertheless, in the future it will be possible to construct

special anti-rockets which will destroy ballistic missiles at very great heights

oR in outer space. It is very probable that these rockets will have atomic var-

heads, Atomic explosions of this kind can be called cosmic explosions.
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The phenmeona served during a nuclear explosion &dpend to a oonsiderable

extent ca the type of explosion. At the present time the aerial explosion is the

Ci one Vhich has been studied the most. Hence the phenomnena observe& during an

eplosion of this type v±ill be considxed by us in greaber detail. An exceptionally

high concentration of heat energy occurs in the chain reaction zone. The

temperature rises rapidly to several tens of millions of degrees, vhile the

pressure attains a billion atmospheres.

On account of this, by the time the nuclear reaction is over, the botab

j casing and all other parts have evaporated. The vapor from the casing and the

j fission products from the nuclear charge heat up to a million degrees aud emit

9 soft x-rays, which are absorbed by the layer of surrounding air and heat/ up to I
several hundreds of thousands of degrees. At the point of the explosion there

occurs a bri~it, luminous spherical region which emits intensive luminous radiation

into the surrounding space.

The entire locality of the explosion i! Ht by a dazzlingly bright flash

(Pig. 9), the glow from which can be seen dozens of kilometers or more avay.

Most of the neutrons which do not take part in the nuclear reaction, and

also the Gamma rays emitted during the nuclear fission are absorbed by the bomb

casing. It is only relatively small proportion of them that reaches the outside

space and is disseminated from the point of the explosion. The stream of gamma

rays and neutrons disseminated at this point is knovn as penetratine radiation.

At the surface of the luminous area there is a very sharp drop in temp-

erature and pressure. On account of the drop in pressure the vhite-hot explosion

products begin to expand at , precipitous rate, forcing back the layer of air

around the explosion point and. compressing it. The compression is passed on from

one air layer to another in the form cf a shockwave and spreads a considerable

distance from the original point of explosion.

At short distances from the point of explosion the shockwave front is at

the same time the surface of the luminous region emitting powerful luminous
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F'ig. 9. Flash dluring aerial atomic explosion.

II

radiation into spane. The vhite-hot explosion products in the middle of the

luminous region are a source of intensive gamma radiation emitted during the

decay of the radioactive fission products.

About two hundredlths of a second after the explosion of an intermediate

nuclear bomb, the shocyave front is about 100 m away from the center of the

explosion.

As it moves away from the center, the air temperature at the front is

-reduced and finally reaches the point where the air ceases to be luminous. After

this, it is the surface of the vhite-hot gases which becomes the source of liogt.

The radius of the l-uinous region of white-hot gases rapidly increases and about

a second after the explosion attains about 150 m. The size of the luminous region

then increases comparatively slowly, and the temperature of its surface falls, the

power of the luminous radiation also decreasing. The action of the luminous

radiation ceases roughly two or three seconds after the explosion.

The density of the gases in the luminous region is below that of the

surrounding air on account of high temperature. Hence the region moves upwards

very quicklyflike a balloon. Approximately ten seconds after the explosion the

luminous region is entirely extinguished.



When the explosion produlcts rise up, they fo, a rising air strelt itzich

carries ,r d dust lifted from the surfface of the earth by the shockwve.

A column of dust is created in the region of the epicenter of the explosion

an& rapid.ly rises upvard•.l)

The explosion products during this time continue to be a source of radio-

active emission.

As they rise, they cool down and turn into a swelling cloud of radioactive

smoke, which gradually increases in size. On further cooling, the vater vapor j
contained in the air condenses on the surface of the cloud of smoke. The condensate

quickly envelopes the cloud, which nov looks like an enormous ball of cotton. The

column of dust rising from the earth continues rapidly growing, reaches the cloud

and forms the characteristic mushroom (ig. 10).

� The mushroom cloud formed during an intermediate bomb explosion attains a

height of 10 - 15 12a in about 10 or 12 minutes. IHere the diameter extends for _.

several kilometers. It then gradually loses the clhracteristic shape end disj•.rues,

moving in the direction of the wind. Smne of the explosion products settle on -te

surface of the earth in the explosion area and in the wake of the radioactive

c loud, causing na,.ioactive contamination of the locality. 4

The size of the cloud formed during the nuclear explosion, its rate of

ascent and altitude increase with the pwer of the explosion. IF thie explosion

takes place at a high altitude, the column of dust may not join up with the cloud

of smoke.

A nuclear explosion is accompanied by an abrupt sound rem:niscent of a

loud peal of thunder. It can be heard for tens and hundreds of kilometers. A

nuclear explosion is lacccmpanied by radiowaves which can be received by

radio stations in the form of signals.

The epicenter of the explosion is a point on the surface of the earth directly

underneath the center of the area of explosion.
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Fig. 10. Mushroom clold during P.tomic explosion.

rhe paIttern of the explosion of a hydrogen bomb In the air is sOmiar to

that of an atomic bomb. But on account of the greater power of hydrogen bombs,

i£ theV04- E£ffects accorlpanying the explosion all look much more impressive.

TI AN explosion on the ground, the luiiinous region is semi-circular in shape

OFig. 11). At the point vhere the region comes into contact vith the ground

surface, the upper layer of the ground is fused and turns into slag when it cools.

I4

S•|f dus.•

Fig. 11. Luminous oemi-circle caused by atomic bomb on the ground.
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Th~e intensity of the iminous radiatio is less in a ground explosion than

in & aserial Cne, since the semi-circle is partially screened by dust raised. by

the shockvave. A large amount of dust is sucked. by the cloud during a ground

explosion. The dust and nitrogen dioxide give the cloud a brownish color. Me

amount of dust in the cloud depnds on the height at which the nuclear bomb Ws

exploded. If the ball of fire touches the ground, a considerable amount of soil

is evaporated and carried away by it. This can be illustrated with the follovinge

figures,

The enerGy required to heat up and evaporate sand, which can be consideredI a typical representative of the soil components, is about 2700 cal/g. Hence if

5• of the energy of a nuclear bomb (with a MT equivalent of 20,000 tons) is used
-on evaporating the soil, about 360 tons of sand is contained in the atomic cloud

in a gaseous state.

Some of -Lhe fallout produced by a ground explosion mixes with tdhe fused

soil turnina thi laLer into radioactive slag, and also settles on the surface of

the earsth. T.his causes greater contamination of the locality in the area of the

explosion, comfpred with an aerial explosion. A CArf ray be formed at the

site of the explosion.

In an underground nuclear explosion, strongly heated gaseous products

create enormous pressure on the soil as they expand. This leads to the fornntion

g of a strong shockwave underground, which causes vibration in the surface layer of

I the earth as it spreads, similar to an earthquake.
t
t A huge CAAvrA is formed at the point of the explosion and its size depends

on the puwer of the warhead, the depth of explosion and the type of soil. The

soil thrown up from the COAeiwi. (Fig. 12) mixes with the fallout, settles on the

earth and covers the locality with a layer several tens of centimeters thick. On

account of this radioactive contamination of the locality is considerably greater

in the region of the CgRf-R. during an underground explosion than in one in the

air or on the ground, although the area of the contamination is smaller.
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ThWe is much les peetrating radiation. and, particularly, bmuina" radi.

a tiOn during an uC~egrGun& explosion Vla during aerial or grun exploi6is•

Xn an under.• ter nuclear expglosion, the white-hot explosion products form j
a luminous region under the water in the form of a gas bubble. A brightly illumin- J
ated spot appears on the surface of the wbr at the point of the explosion. The

thermal energy radiated by the luminous region is used basically to heat up and

eaporate the water in the explosion zone.

I I
I
I I

I I!

Fig. 12. Undergrouncl explosion.

I

The sudden expansion of the explosion products and water vapor causes a

powerful sihoika-yave in thle water . When an a.tomic bomb is exploded under vat er not

B

', ~too far below the surfaoce, a column of water more than a kilometer high is thrown-

Sup. Above the colu mn of water there forms a cloud,,consisting chiefly of water

| vapor, which increases in size until it attans several kilometers in diameter

IL

(Fig. 13). e water begins to fall back severol seconds after the explosion.

SHere an enormous cloud consisting ef fine e rops (spray) is former at the base of

the colo e. As the sater falls back, the clouou (ohmch is sometimes calledh the

basis wave) spreads outwards ath rises to a considerable height cithin minutes.

aThe speeo of proigatien of she cloud is at first several tens of meters a second,

after which it ropidly drops. The motion of the cloudi thens of mee. r 2se cloud
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projucee reioective rain.

An =nerwater explosi= is also acco mnied by a formtim of Oydib&17

waves on the surface of the water. * iese vwaes may be as high as 20 or 30 m a

short distance from the point of the explosion. As they move avay from the latter,

the height of the 'aves rapidly decreases and. does not exceed 2 to 4 m at a dia-

tance of 10 k,. If the underwater explosion is carried out in a shallow reservoir,

a large cIArEP, is formed on the bottom. In this case a considerable amount of soil

is carried up into the air with the water.

When considering the phenomena occurring during an atomic explosion, it is j
not difficult to see that the effect of atomic weapons is to prod-,Ice a powerful I
shockwave, intensive luminous radiation, gamma radiation and a neutron FLv•C

and also radioactive contamination of the locality. Here we should distinguish I

the following harmful factors in an atomic explosion: shockwave, luminous rad-

iation, penetrating radiation and radioactive contamination. Thus, as distinct

from- conventionsl explosvee, an atomic e l)osiorn is charactcrizcd by a co.bincd

destructive effect.

Let us take a look at high-altitude and cosmic explosions. The outward

appearance of a high-altitude nuclear explosion is similar to the aerial explosion.

The only difference is that there is no column of dust raised from the earth.

There is a ball of fire and a cloud of curly smoke.

An aircraft in flight can be put out of action during a high-altitude

explosion through destruction of the aircraft itself or the loss of the crew. The

structure of the aircraft may be destroyed by the shockwave and luminous radiation,

and the crew may GV KiLLFD ey IHC penetrating radiation. Thus, the

* shockwave, luminous radiation and penetrating radiation are the'destructive factors

Sin a high-altitude atomic explosion.

A cosmic nuclear explosion takes place at an altitude at which the density

of the air is virtually zero. In this case the energy of the explosion is only

transferred to the material making up the atomic charge and the devices related
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to it, for example, the rocket oarrin. The whole of the matewial is heated up to

Sa rmendous tepevature, evaporates and turns into higily ionized. gas called

plasma.

As distinct fram all other types, during a cosmic explosion a considerable

amotut of energy is radiated into surrounding space in the form of light, ultra-

violet and. soft x-rays. The two latter types of radiation are Absorbei by the air

surrounding the point of the explosion during ground, aerial and high-alt-itude

c plosions. I
When they act on A flying craft, all these types of radiation are absorbed j

by it and heat IT up to a high temperature. Since the cosmic explosion occurs in

airless space, there is no shockwave. Here the destructive factor I1 radia-

tion a vide wave band, the shortwaves being the most intensive.

Certain other features of a cosmic nuclear explosion are of interest.

Mhe atamic nuclei avn the electrons detachod from them at very higo term-

S ........ tr..C. frocly i all iirections because there is no bar ile around the

charge to prevent them doing so.

Thus, streams of particles with an electric Uharge escape from the center

cd the nuclear explosion: the atcmic nuclei carry positive charges (positive ions)

and the electrons carry negative charges (negative ions).

These inrticles move through the earth's magnetic field, provided the

explosions have not taken place further than several earth radii away, that is to

say, within 20 or 30,000 kilometers and not below 150 - 200 kin. This is due to

the fact that the particles Wo,' freely without loosing their electric charges.

Every electrically charged particle moves through a magnetic field

corkscrewing round the lines of force. The size of the terms in the case

in point with the velocity of the particle and its mass.

Calculations show that at heights not exceeding several thousand kilometers,

the dimensions of the terms described by particles hurled outwards by a nuclear

explosion range between several hundred meters and several tens of kilometers.



These imensicn are extremely mmll ccznpared with the dimeater of the earth. This

mas tht vhually all particles proad uce o urih g a m uclear explosio move along

the lines of force of the earth's magnetic field. Approximately half of them move

, ~towards the Northern hemisphere and the other half moves tovards the Southern

! hemisphere. The particles move as the.ugh they vere inside a magnetic tube iiitha

diameter of not more than 100 k.

In the long run these streams of lzrticles reach the denser layers of the

atmosphere and are absorbed at a height of about 150 ln. Theycause strong ializatkm

of the atiuosphere over an area of many thousands of square kilometers and' cause

intensive aurora borealiso accompanied by strong magnetic storms, aud atmospheric

disturbances of radio communications and radar.

In March-April, 1959, the foreign press vrote a great deal about such.

phenomena in connection vith experiments carried out by the U.S. Armed Forces in

the PFcific (in the region of Johnson Island) and in the southern part of the

Atlantic. The 4-ypo1sions viere carricd out at alU1udes at the order of' 40 1•n

the charges being carricd to this height in rockets.

These experiments fully confirmed the ubove-described picture of the nuclear

explosion in outer space.

W.

S•~

Fig. 13. Appearance of underwater explosion.
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1.. Occurrence of air shocksaves durinM explosic.

Different ways in which the exglosiona acts over itances. Shockwaves A

occurring during nuclear explosions have a peat deal in comna vith shockwaves

from conventional explosions. Hence the principal properties and mode of origin

of these waves can conveniently be considered first in the case of the explosion

of conventional explosives.

First of all it must be taken into account that during an explceion,

explosives are virtually instantaneously turned into gas, At first the gas

possesses very hi&i pressure and is heated up to a high temperature. Exp~osive

gases therefore expand at very great rates (up to 5 or 8 Im per second under

certain conditions). If the stream of fast-moving, fairly dense gas encounters

any *Ject in its path, it strikes it with great force and my destroy it. This

is one way in which an explosion is effective at a distance l-17enl ng explosion

gases.

But if the explosive charge is contained in a fairly strong casing, for

example, a steel shell or bomb, the first obstacle encountered by the gases is a

metal wall. In this Wse the gases, when they expand, may exert an extremely

high pressure on the walls, measured in tens or hundreds of thousands of atmospheres.

This pressure is sufficient to destroy the casing of the shell or bomb in its

entirety and to turn the metal casing into comparatively fine fragments. The

fragments are hurled nu~vards by the explosion products (expanding gases) at

extremely high velocities (1-2 ka per second). Many of the fragments transfer

a ome of the explosion energy as well. 7hus they may fly much further than the

expanding gases and my have a very harmful effect on people, animals and equipment.

Flying splinters make holes in thin armor; if they pass through fuel containers,

the splinters may set fire to it and spray in all directions. The very fast

moving fragments may penetrate/explosive material and detonate it. Thus these
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Sfzsmte also help to spread the destructive effect of the explosion.

Finally, as they suva, the expanding explosion gses force back

aroumd the charge and form a so-called shockwave.
F

The mechanism of the formation of an air ahockwa-e during a covventional

explosion can be imagined in the following vay. The explosion turns the solid

k (o iquiaelosive into a geaeous state / an extremely brief interval of time .

The geses formed possess extremely hidh temperature and are at very high pressure.

As they try to expand, they cause a sharp impact on the surrounding layers of air,

compressing it and heating it up to a high temperature. Being strongly compressed

and striving at the same time to expand, the compressed layers of air exert a

sudden pressure on the neighboring layers, compressing them in turn. These

layers, in trying to expand, do the same, and so on. Thus, the process of pro-

patation of a high pressure (temperature and density) takes place in the air at

supersonic velocity. Ihis spasmodic variation in pressure (temperature and density)

spreading through the air at supersonic velocity is in fact an air shockiave. It

is the third form in vhich the effect of the explosion is transferred.

1he shockvave is mainly formed in this way both in air, as yell as

under water and underground. During an exploaon underground, however, the long-

range effect of the exploi.cn in ahe form of a compression wave is distinguished

by certain features.

Thus, there are three principalvAf 14 WI jwthe effect of the explosion V

is carried over a distance, i.e., explosion Spses, splinters from the

charge casing and the shockwave.

Besides the principal carriers of the explosive effect, there may also be

random ones, for example, local objects, stones, lumps of earth, MvA501ky,

a n& so on, which may be torn from the point of explosion and may acquire coq•sderable
I MPoSS•I 8it ITYf o0 Tp S

velocities. The impact of such objects may also cause damage. T'fE/has trbe ihkuen

into account in practice.

In cases in which the explosion is a nuclear one, energy is transferred to
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surro=ding #yece both by the above-described. carriers as well as in the form of
luinou and. nuclear radiation.

hr he shockwave as the principal carrier of the e4plohive effect of powerful
Scharges1_. inar and underwater. The importance of the above-describe& carriers in

not the sae.,

Fragments my be Important when the charge casing has thick wlle and when

wei~t
the- -tof the metal of the casing is several tAse greater than that of the

explosive charge. This happens in fragentation and demolition shells an& bombs.

But if the casing is thin, the splinter effect is insignificant and a large pro-

portion of the energy of the explosion is transmitted to the shockwve. In this

case the latter becomes the principal carrier. During the explosion of nuclear

charges, the energy release& is so great that there is total evporation of the

casing and the entire charge mechanism, resulting in incandescent gases instead of

fremente; the gases only expend over ecparatively short distances. Hence their

effect over more appreciable diotances disappears, and it is then the uhockwave

%ich becomes the basic carrier.

If ve consider a medium such as water, we deal vith a substance which hampers

the explosion gases and fraptnts much more intensively than air. In view of the

fact that the density of water is much greater than that of air, the mss of water

set in motion by the shockwave is many times greater than that of the air in an

air shockwave.

A similar effect occurs during underground explosions when compression wves

are formed in the earth.

Thus it follows from consideration of the methods by thich the effect of

the explosion is transferred over a distance that the most substantial way is the

shockwave, particularly the air ahocknave. This results from the fact that the

objects and construction usually destroyed by an explosion are situated in an air

medium an& that charges such as Fov•JE )~.L C0AJVEevrO-AL demolition bombs, atomic

and hydrogen bombs are intended first and foremost for detonation in the air.
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Formtico of shockmav by caouveutoml exulosive. Let u f~xst consider

how the air shockwave occurs during an ord••a y explosion.

1he explosives (23T, etc.) used in industry and in varnfare are fairly

ccaoplux chemical CaupoAs.

Explosion of the detonator forms oses which Ilpact iXpon the layers of

explosives surroundJng the detonator vith great force. As a result the molecules

of explosives are set in very fast motion, begin to collide vith one another and

u ndergo changes.

The ybysical-chemical trensform•tiozs cause the explosion gases to be formed.

by the charge; here a great %uantity of energ is given off and. the carriers of it

are fast moving molecules of explosion gases vhich are subjected. at first to very

high pressures.

The trasminsion of the explosive decmposition through the bulk of the

oharge io termed detonation. lie rate of propagtion of the detonation in extremely

high and ranges fra 4 to 8 km/sec. 5he greater the detonatiou rate, the more

poverful the explosive and. the greater the gas pressure obtained. during it.

Mhe pressure of the explosion geaes at the mcuent they are formed is expressed

by the equation

P=T 
D2

40

Here P is the pressure in kg/ia 2 in the decomposition zone of the explosive;

Sis the specific veight of the explosive in kg/rn';

D is the rate of propagation of detonation in m/sec.

This equation can be used. to determine, for example, the pressure of the

explosion gases produced d.uring the explosion of the ccmonest explosive, UIT.

In TNT the detonation rate is 7200 i/sec, and the specific gravity is approximately

1600 Xg/in3. Consequently,
p = o600.o4 7 2 073 600 000 lg/m2

40

or 207,360 kg/cM2 , Vhich in 200,000 atoospheres to the nearest romd. figure.

This tremendous pressure cannot be vithatood by any barriers. As a result,
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the explosion gases begin to expand ina all directions. *if the explosion occurs inI

air, the gases begin expandzing in all directions Vith an initial velocity close to

the detonation rate.

Compressed air

.•.Gases,

Fig. 14. Nkpansion of explosion gases in formtion of air shockwave.

As they expand., the gases push back the surrounding air, during ihich the

air layer next to them begins itself to move at the same velocity as the psees.

This velocity is many times greater than the speed of sound in air, which is

approximately 340 m/sec. The air forced back by the explosion gases is strongly

compressed and heats up to a high temperature. The outside boundary of the

caspressed. air rapidly moves forward at a velocity greater even that that of the

gases, and moves further and further away from the boundary of the gases, as shown

in Fig. I4. This means that the rate of shift of the outside boundary of the

c mpressed air exceedts the expansion rate of the explosion Sas boundary.

7he outside boundary of the ccpressed air possesses certain very important

features. First of all it should be noted that it is a very clear-cut one. If

the compressed air zone is illminated. by a brief flash from an electric spark,

an extremely clear photograph can be obtained of it, despite the great velocity of

the copression zone, Photographs of this kind show that the ccoprese4 air zone

is like a thick-valled glass sphere. The shifting region of strongly compressed

air apreading outwr•rs from the center of the explosion at supersonic speed is

called the air shockeave, and its leading boundary, on which there is a sharp
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d1lsomiUmity In the air &emiuty, is called, the shocbmwv front, Miu ecupzwaion

-is rapidl transamtted frcs ce air layer to another.

As long as the coapeessu4 air tegion is svupptet by expentdis explosion

gases, however., it cannot be cousidered to have defltely fomedt.

As the explosion gases expand, the velocity of their own motion decreases.

The energy from the gases is transferred to the MoVW•e4 PAIR.

The velocity of the explosion gases ;aWpfoaches zero and their pressure drops

below that of the surrounding atmosphere on account of extreme expansion. No

longer supported from behind by the gases, the air shockwave becomes detached from

them and continues moving by inertia.

In the rear, however, the compressed mass of air begins to expand in a

backward direction, towards the rarefied gases. A rarefaction zone is created

behind the region of strongly compressed air, that is to say a region in which

the air pressure is below that of the surrownding atmosphere.

In the densified repion thp nfi noves in a forwaid direction. In the

rarefied region, on the contrary, there is motion of the air in a backvard dir-

ection, towards the center of the explosion. This is shown in Fig. 15. Since

all gases are heated up when compressed, the air, too, in the compression region

has a higber temperature. Conversely, in the rarefaction region, (for weak shock-

* waves) the temperature of the air is below that of the unperturbed atmosphere.

Theory and practice show that in the case of a fully formed air shockwave,

which has detached itself from the explosion gases engendering it, the greatest

pressure, velocity and temperature of the air are observed right behind the shock-

wave front, that is to say, behind the discontinuity in the air density. It is

sometimes said that the maximu pressure of a shockwave is the pressure at its

front.

The shockwave front spreads at a velocity exceeding the speed of sound in

air. Here the velocity of the front increases with the pressure. If the pressure

at the front approaches that of the unperturbed atmosphere at a very great dis-

tance from the site of the explosion, the velocity of the front approaches the
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seued of sond an& the tihole of the shockvave becomes an od•nary sound vave.

Comprepsioa: area

r ication n

Shockva. front

Fig. 15. Formation of air shockwave and detachment of explosion products.

As distinct from the shockwave front, the boundary separating the compression

area from the rarefied area moves at the speed of sound (strictly speaking, at a

speed sligitly greater than sound). The velocity of the "tail" of the compression

area is equal to the speed of sound in/ medium heated by the compression region.

As a result the wave front moves away from the boundary between the compression

and rarefaction region, and the width of the compression region 1ncrPt~ase more

and more as the wave moves on. The width of the compression region is frequently

termed the depth of the shocKYJnve.

Formation of an air shockvave during a nuclear explosion. In a nucl.ear

explosion there is a release of a tremendous amount of thermal energy capable of

melting and turning into an extremely hot gas both the nuclear charge, the

surrounding casing and all the construction parts in direct proximity to the parts.

The air AOLP the charge is also made extremely hot. A

A fireball forms at the point of the explosion and increases very rapidly.

The boundary of the fireball moves along, encompassing more and more Mzsses of

the medium, for example, the air. But beyond the boundary of the fireball the

medium remains completely motionless for some time, until it is drawn inside the

ball.

The larger the size of the fireball becomes, that is to say, the greater

the amount of the surrounding medium drawn into it, for example, air, the lower

the temperature inside the ball, since the energy it has received from the explosion
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is distributed through an ever-increasing mass. S*me of the energy escapes from

the ball as a result of luminous and penetrating radiation. In short, some photons

are detached from the inside of the ball and spvead/over a very large distance.

These factors cause the ball to cool downj the strength of the molecular

of their electron shells, while the atoms recombine into molecules. The rapid.

energy carriers - the photons and electrons - become smaller and smaller in number,

and the principal carrier of the remaining energy of the explosion is the molecule

of the surrounding medium, now moving comparatively slowly (at hundreds o4 tens

of kilometers per second, which is thousands or even tens of thousands of ti~es

slower than the speed of photons).

Under these circumstances the very hot gas cloud from the nuclear

explosion has similar properties to the cloud of explosion gases produced by con-

ventional explosives.

As we have already pointed out, as this cloud expands outwards, it forces

back the surrounding air and compresses it, increasing the pressure.

The temperature of the fireball, however, is still several thousand

degrees and it continues to glow very brightly. The light from the fireball now

passes through the region of strongly compressed and heated, though poorly luminous,

air. This air absorbs the light to a very great extent. Hence when the strongly

compressed air shell forms around the fireball, its luminescence is somewhat reduced

at distan'. points in space.

The compressed air shell rapidly expands, its pressure decreasing strongly

during the process. For example, IF the radius of the shell is doubled, the

pressure .5 eight times/ Here the transparency of the air is increased,

and if the explosion occurred in the air, the luminosity of the fireball is again

intensified.

The compression zone formed corresponds to the shockwave and its front

boundary to the shockwave front.
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IL As the fireball expands and the ohockwve is formed, the energy of the

ball vWich bas not yet been remove& Sy the radiation, is transmitted to

r I the wave. The fireball eventually ceases expanding and the shociwave is doe-

tached from it. This means that the wave moves on by inertia and the elasticity

of the medium set in motion.

What has been said suggests the following. Expansion of the fireball and

the motion of the shockwave in the medium divide up in time into three different

stages:

1) expansion of the fireball, principally due to the transfer of energy by

photons and electrons without the formation of a shockwave outside the ball;

2) expansion of the fireball with formation of a surrounding, strongly

ccuoressed layer of medium moved by the pressure of the expanding ball;

3) motion of the shock-i. Lhrough the medium, irrespective of expansion

of the ball, which gradually/ avy.

These three stAgeq Rre shown dietgramatically in Fig. 16.

The dimensions of the luminous region occurring during a nuclear explosion

are comparatively small. For example, in an intermediate nuclear explosion, the

diameter of this region is not more than 300 m. The destruction zone caused by the

mechanical action of the explosion, however, is approximately ten times greater.

The main mechanical destructive effect in this case is caused by the air shockwave.

During an explosion in a denser medium, for example, water, the size of

the fireball is approximately ten times smaller than in air, whereas the size of

the destruction zone is only slightly less than in air. The significance of the

shockwave in an underwater explosion is less than that of the shockwave in air.

On the basis of these facts a more detailed study of the characteristics

of shockwaves produced by nuclear explosions is of prime importance in correctly

understanding the destructive effect of nuclear explosions and methods of/protection

from them.
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Ini-tial eV4nsion
of fireball

*Shockvave in formation
bas not yet been detached
from the fireball

Shockwave has been detached
from the fireball and moves
Sindnepdently

Fig. 16. Three principal stages in expansion of fireball and formation of shockwave.
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2. Basic Proerties of Air Shockwave

In order to gain a better idea of the properties of the air phockbave, let

us consider the following case of an explosion. Let us say that the nuclear ex-

plosiom has occurred close to the surface of the earth and that the air shockwave

spreads over the surface, forming a kind of Po,•; 05tI• on the ground. This

is shown in Fig. 17.

Air shockwave front

Fig. 17. Air shockwave during ground explosion.

Let us consider the distribution of the air pressure in the wave in greater

detail. To measure this pressure we have to arrange special instruments along the

ground surface. Fig. 18 shows a simplified diagram of one of these instruments,

which are known as pressure recorders. The instrument is set flush with the ground.

The shockwave •lides over the surface of the instrument, the air pressure acts on

a diaphragm and bends it. A lever attached to the diaphragm is turned and a

recording pen at the end of it registers the shift on a revolving drum. Since the

air pressure changes vith time as the shockwave moves across the instrument, a

graph shoving the variation in preseure is automatically recorded on the drum. 9he

grm.h is shown in Fig. 19. Time is plotted along the horizontal axis and pressure

along the vertical axis. At first we see a horizontal line on the left hand. side

of the graph showing the normal atmospheric pressure. Then we find a sharp jump

in pressure at the moment the front of the air shockwave impinges upon the diaphragm.

At this moment the air pressure increases in jumps from the normal (atmospheric)

to the maximum pressure in the wave, right behind the front. The difference betveen

the maxirm prese,,re and the atmospheric pressure is called the/preseure at the



_--ii..lb

frot of the vave.

Air .;
shockwave t:..•

:'$::i SurfaL g Earth

Fig. 18. Diagramatic cross-section of a pressure recorder: 1) diaphragn sensing

air pressure in shockwaves; 2) lever turning when diaphragn is depressed

by air pressure; 3) recording pen at end of lever; 4) drum on which air

pressure is recorded; 5) electric motors revolving dxum.

Pressure

pressure Time of rarefaction
at the action
front -I

Iat- me of
mos- heric Iover,.

_____ eau-re Time
Moment of shockwave arrival
to the recording instrument

Fig. 19. Variation in pressure in air shockwave recorded by recording instrument

as fumcti.on of time.

After the wave front has passed, the air pressure gradually begins to fall,

reaches normal atmospheric pressure and then drops still lover. Ths means that

a layer of rarefied air follows the compressed air in the shockwave. The rarefied

layer is very thick and the KEgucEO pressure lasts for some time. Then the

pressure rises to normal. This means that the shockwave has passed.



1) Normal pressure;

2) Compression -onp;
3) Rarefaction r.one

4) Normal pressure

Preseure

Distance from'-location of explosion

Fig. 20. Pressure distribution through air shockwave.

We have considered pressure variation in the air at a certain point during

the passage of a shockwave. Nov let us see how the pressure is distributed in the

wave at a certain moment in time, To do this let us ascertain what afnumber of

instrumentsjarranged in the direction of the wave's motion would show.

Fig. 20 illustrates this momentary distribution of pressure. 7he density

of the vertical hatching is used to represent the density diotributi1m in 'a* air

trapped by the uhockwave at a given moment. It is clear that the greater the pressure,

the greater Lhe density of the air.

The increase in density in the compression zone is due to the shift of a

certain amount of air from the rarefaction zone, where the density of the air is

correspondingly reduced.

The movement of the air behind the shockwave front occurs at a set velocity.

ITS motion F-L S , the same direction as the wave. But the velocity of the

front, as already pointed out, is much greater than the velocity of the air just

behind the front.

As the wave front moves away, the velocity of the air at the point we are

considering is reduced, then becomes zero, and finally the movement of the air changes

direction. The air begins to move in the opposite direction to the wave. Fig. 20

shows arrows, the size and direction of which indicate the described motion of the

air.
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Thus, the follovwng thing happen viaen an air shockvave passes by. Th

moment the shockwave front reaches a certain point, the pressure is increased to

maximum virtually instantaneously. There is a simultaneous increase in the density

of the air. Since Wses alvays heat up vhen rapidly compressed, the temperature of

the air also is raised, The hot, densified air moves in the direction of the wave.

It is as though there were a sudden gust of very strong and hot wind lasting about

a second. Then the pressure drops below atmospheric, the direction of the vind

ReveRseD the air becomes rarefied and is cooled below normal. In

damp weather the cooling of the air may result in a momentary mist in the rarefaction

zone. If the explosion is observed from afar in such weather, it is possible to

see a rapidly expanding bal.I of mist - this is the rarefaction zone following the

invisible compression zone.

If a fairly strong shockwave reaches the moisture-saturated i•Igher layers

of the atmosphere, the formation of a rapidly expanding ring of clouds can be

observed.

In the right conditions the compression zone i.s also visible. For example,

if we stand on a hill and look at a meadow or field along which the airwave is
A#'I

moving, we can see how it bends and flattens the grass and rother vegetation as it

goes. In dry weather ve can see the shockwave raising clouds of dust. 9OCKETS

leaving smoke trails have often been used abroad to study nuclear explosions. These

missiles are launched just before the nuclear explosion and the smoke trails make

it possible to see how the air set in motion by the shockwave is shifted about and

compressed. Diagramatic representation of this is shown in Fig. 21.

The time over which the air shockwave(pressure acts is usually so

considerable that the basic destruction which it might cause occurs long before

the arrival of the rarefaction zone; in practice, in order to assess the destructive

effect we need only know the ovs fre~sugon which the velocity of motion of. the

air in the compression zone depends, and the pressure vhich this air exerts on
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objects it encounters. Hence th&sours'- at the front is the most Important

qisntiative characteristic of the air shociwave and needs very thorough inventi-

Sation.

ReeetivS-missiles- leaving smoke trails
"1 I Z 1 1111f

Shockwave fro

Compression 7on\b.

Rarefaction "-one

Surface of the "Eart '

Fig. 21. Diagrasatic representation of the distortion of smoke trails left

by special rockets during spread of air shockwave.

5. Determining the parameters of an air shockwave

WT equivalent. 7k different effect' of any explosion, incliiing the nuclear

one, depends mainly on the energy released. Hence, to calculate quantities deter-

mining the effect of an explosion, we must know its energy. As is vell known,

energy is usually expressed in kilogram meters, kilowatt hours and other units. In

the case of a nuclear explosion, hovever, it is conventional to use another method

of measuring energy. For a clear estimation of the effect oF-. 1nuclear explosion,

ve compare it vith the explosion of conventional explosive. Hence the energy

released during a nuclear explosion is determined in the following vay. We select

the amount of conventional explosive which releases the same amount of energy as

the given nuclear charge vhen exploded. The weight of this conventional charge is

vhat characterizes the energy of the nuclear explosion.
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One of the commonest explosives which has beom studied in great detail is

TNT. Other explosions are therefore described by the MTT equivalent. The TNTT equivalent is the weight of a charge of trinitrotoluene producing the same amount

of energy as is obtained during the explosion of a corresponding nuclear charge.

The TNT equivalent is expressed in kilograms, tons or kilotons (1 kiloton

equals 1000 tons) or, if the charge is very large, in megatons (1 megaton 1 million

tons).

Most of the energy from the explosion of conventional explosive is manifested

as a mechanical effect, and in particular, goes to form the air shockwave. is

not the case during a nuclear explosion. As has already been pointed out, an

appreciable amount of energy in a nuclear explosion is carried a considerable

distance by different types of radiation (LuMuINs/penetrating radiation). Hence

only about 35% of the total energy is used to form the shockwave.

'The total energy of a nuclear explosion is expressed in ternis of total TNT

equivalent.

The energy determining the effect of the air shockwave is expressed in

terms of the shockwave TNT equivalent.

The principal expressicm for the nuclear energy used to assess the mechan-

ical destructive effect and for calculations relating to shockwaves is the shock-

wave TNT equivalent.

This quantity is usually determined experimentally on the basis of measure-
$VEAL

ments of the/pressure at the front of the air shockwave at different distances

from the point of the explosion.

If it is necessary to determine the TNT equivalent in conventionýbnergy

units, we have to take it into account that an equivalent of I kg corresponds to

approximately 430,000 kilograms of work. In otherwords,, the explosion energy from

1 kg of TT is sufficient to raise a load weighing 1 kg for 1:0A / lmeters, or 430 km.

It follows from this that a nuclear explosion with a TNTI equivalent of

10,000 tons, given total utilization of its mechanizal work, could hurl a heavy

cruiser weighing 10,000 tons to a height of 430 km, as well.. Hence the energy is
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quite hig'

r TLa of similarity. As a wholethe regularitiez gDverning the &eveloiment

of an explosion and its different effects are rather complicated and varied. Thre

is, however, a very simple and tested method of solving many problems in the sphere
ovAL

of the explosion, which makes it muc& easier to calculate the/pressure of the

wave, the destructive range and many other factors. This method is based on the

law of similarity.

According to this law, the atstance between the Point of exalosion-and a

point with preset properties .c. the air shockvave front is proportional to the cubic

root of the TNT equivalent.

Let us illustrate this with an example. It is known from both theory and

experiment that when a charge with an air shockwave TNT equivalent of q = 1.0,000-A

tons is exploded, a pressure head of 10 kg per square cm at the front is observed

at a distance R 220 m.

We can ask at what distance R we observe exactly the same./pressure

at the shockwave front during the explosion of a charge with a shockwave TNT equi-

valent of q6 =1 0 megtons?

The task can most easily be solved in the following way. In the given case

the TNT equivalent is stepped up a thousand times. This is clear from the relation-

ship q B - 10 D000 D0o o 1000.

qA 10000

If the MNT equivalent is a thousand times greater, the distance over which

3-
the same pressure is observed must be increased 3 1000 10 times. Hence, given

Ov•k

a TNT equivalent equal to 10 megatons, the/pressure at the front of 10 kg per

square cm is observed at a distance of R , greater than RA by a factor of 10. It

follows from this that

Rr,== R,'/10-00= I ORA.,

Taking the above value of R into account, we find that

R 6 -=-2200 muv2,2 km
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On the basis of thi3 6X•lA, We can note down jhe following gersal

equations

RA - /qA R A

BR q5  \ R5 q)

If we divide the TNT equivalent by the cube of the corresponding distance,

we find a constant. We can write down (provided the wave front parameters are

constant)

±A tconstant
R3 R3 R3

For example, for a pressure head of 10 kg/cm
qA q,,=-.A-• =-• 0,0009S t /m3

RA R8

If we express q and q in kilogruis, we get another quantity, which is

also constant qA q,, 3
-- =--= _ 0,95 kg/m

Thus, for every given value of the/pressure at the shockwave front

there is a definite relationship q/R 3 .

Mais means that on the buLs of experiment or theoretical calrillation we

can determine the relationship for any one value q and then use it to calculate

it for other TNT equivalents.

This is extremely convenient from the practical point of view, since we

can then experiment with rmall charges or ordinary MNT and apply the results ob-

tained to the pressure head of the air shockvave from as powerful a nuclear ex-

plosion as we wish, and know for certain that the theoretical and experimental

values will tally, provided we know the corresponding TNT equivalents beforehand.

So that the experimental data can be more easily applied in practice, we

select a suitable equation which gives us the relationship between the pressure

head and. the ratio q/R 3 .
6vEk

The/jPessure at the shockwave front is usually designated A•

Here 6 means that we are not dealing with the total pressure, but thewpes-sure

(the pressure in excess of the atospheric). The subscript f means that we

are dealing with the ovEApREssu•" at the front of the wave.
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SThe simplest and most suitable equation in practice for rougt calcu]Ati nas

of P provided, it lies approxately beweenn 0.1 an 2 kg/m is the foloing

Here ,fxis obtained in the kg/cm when q is expressed in kolograma and.

in meters.

This equation is a very simple expression of the relationship between

Ap ý and q/R3, resulting from the above-considered law of similarity.

Calculation of overpressure at air shockvave front. This method of

calculating the overpressure of an air sbockwave is approximate. The given equations

are suitable only when the overpressure derived on the basis of them ranges between

0.1 and 2 kg/cm•. In practice ve often need to go further. Hence the need arises

to extend and make more accurate the calculation methods.

Electronic computers have been used to determine the overpressure at the

Aberdeen Testing Pange in the UBA1.

The results can be Pxpveesed es tables or G•apho which plot the dirferent

conditions for the explosion.

It is very important to select the most convenient unit for measuring the

distance between the explosion point and the point at vhich the overpressure is to

be detcrmined. The unit of distance should be chosen in such a way as to obtain the

same graphs for all TNT equivalents. Furthermore, we have to make allowance as

well for the original atmospheric pressure. The explosion may occur at different

heights above the locality, at different heights in the mountains and also in

different kinds of výather, when the air pressure varies. Consequently, the

original air pressure may effect the results of the calculation.

To cope with this problem, we have to keepffn mind that the air pressure

is proportional to the energy contained in each cubic meter of air. This energy is

the energy of motion of the air molecules.

Journal of Applied lhysics, 1955, June, Vol. 26. No. 6, p. 766.
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If the shociwave has spre.a from the site of the explosion to the point R,

the total volume of air vhich has undergone the effect of the explosion by this time 7

is equal to 4

3

The energy initially contained, in this volume is proportional to

R± -R. P0,a

where P is the initial atmospheric pressure. The quantity T , is the same in

all cases. Thus, it can be assumed that the energy contained prior to explosion

in the air Vhich has been acted on by the shockwave is proportional to the product

R *P.

The energy supplied to the air during the explosion is proportional to the

TN1T equivalent for the shockwave q.

Theory and calculations show that the overpressure is only a function of

the relationship between the explosion energy producing the shockwave and the

energy present beforehand in the medium in which the wave occurs. qhus, the over=,

pressure depends only on the quantity

q =k.
R 3 Po

Hence,

R=V~-L= V~q'V
,PB.

Let us designate the quantity

Thus, we can vrite down

*R=R1
and rO

RR, 3 R -.

PI
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It mey be asseued that then k has a certain vlue, R also has a corres-

ponding certain value.

Since the overpressure at the shockwave front, as stated above, is only

a function of k, it also depends on the corresponding value of R1 , which can be

termed the referred distance.

To arrive at this referred distance R, we have to divide the true distance

R byv+r

r is the referred unit of length. Expressing the difference between the point of

the explosion and the point at which we are determining the overpressure A • at

the shockwave front in these units, we mn derive the same values of Ap4 for all

possible initial pressures in the medium PE and the shockwave TT equivalent.

If we then have to go back agin from R to R, we need only multiply R

by r and we get R in the right unit• In practical calculations it is best to

express q in tons and P in kg/M"

Normal atmospheric pressure can be considered to be 1 kg/am• with fair

accuracy. Under these conditions we can adopt the following simple formula
3

r==V/T.
The overpressure should also be measured in relative units on the basis of

the ratio

pO

Figs. 22 and 23 show graphs enabling, us to find A pS for set R, P0 and q

under the circumstances described.

The solid curve in these graphs represents the variation in(Ap )/P due

to R

These graphs (provided c /c is constant) constitute analytical solutions

artived at with electric computersof the problem of the propagation of spherical

shockwaves in unlimited atmosphere.
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In order to apply the graphs given above, we must first determine the

value
fr

Here q is expressed in tons and. in atmospheres. After that we have to find the
-D

referred distance
R
r

Having found RI on tle horizontal axis, we find the ratio

P.

on the scale along the vertical axis.

Multiplying this by PPI we get & . If I 1. atm, the operation is

simplified; here

S

r =fq (q in tons)
and

---- Apb (Ape H Po in atmospheres or kg/cm2)
PO

Let us illustrate this method of caleulatinn with en eyamplc. Let w

assumne we have a nuclear bomb with a total 'INT equivalent of 20,000 tons. In this

case the shockwave TNT equivalent is q_= 10,000 tons. Let us determine Ap+ during

the explosion of this bomb, if F = 1 kg/cm = 1 atm at a distance R To
bOoo vi

do this we first determine r

r-- 1ý -p -- - , ---21.6 m

Now we find the referred distance. It is

RA_ 1000

Now we use the graph in Fig. 23 (the solution is shown by arrows) on the

basis of R 46.3 to find the following: ±P --' Ap-=0,32 aTM=0,32 kg/Gm 2

P0

Calculating the Propagation time of the air shockwave and the size of the

c npression zone usin graphs. B es calculation of the overpressure by means of

the above-mentioned graphs, we can also use this method to determine the time taken

for the shockwave to spread. . Theory shows us that this time b proportional to

-76-



Here, as before, q is expressed in tons and P in atmospheres or kilograms per

square centimeter; -• is the proportionality factor.

The corresponding values of T are shown next to some of the points on

the curve in Figs. 22 and 23.

In relation to the example considered above, in which q = 10,000 tons, R

= 1000 m and r = 21.6 m, we can take it approximately from the graph in Fig. 23

that T = 0.075.

Consequently, the time taken by the shockiave to arrive at R = 1000 m is

0 --- %o r-=- 0,075.21,6= IX sec

Figs. 22 and 23 also show, apart from the curves drawn in thick lines,

a series of broken curvet I- Nocn',r..how the pressure is distributed in an air shock-

wave behind the front in the air located between the point of explosion and the

wave front.

For example, the width of the compression zone in the above example, as

is clear from Fig. 23, can be determined as the mean of two positions of the wave.

One of them is approximately

R*---- 42and tie other

The depth of the wave in both cases is approximately

AR, -= 13.

The true depth of the compression zone is

AR.-=AR, r -- 13 • 21,6 ==-281 m

The rarefaction zone stretches in this case as far as the actual point of

the explosion, as is clear from Fig. 23.

Calculating the air velocitZ behind the shockwave front. The velocity of

the air behind the shockwave front according to the theory is
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Ap,
U4, 10D0-0 rnA/see

L PD

Nhere tp_ is the overpressure in atmospheres or kg/c';

is the air density in the atmosphere;

D is the velocity of the shockwave front in m/sec.

The quantity F can be determined from the equation

~0,125 P kg. seos"m
4

+ 2-73

Here P is the pressure of the atmosphere in atmospheres or kg/cm'.

As can be seen from the equation, the effect of temperature on the air

density is insignificant for practical purposes. Taking this into account, we can

write down on the basis of the tvo last equations

UD = P 80 00 0 WDW_Po • D

,p /F can be found, by the above described method. from the gapha in
-4

Figs. 23 and 22. D can be found from the equation

1/1+ 0,86 Ž~

Here c is the apeed of sound, which is c 20 4T;

T is the temperature in OK.

4. Interaction between shockwaves and obstacles in
their way.

ReQular ieflection of shockwaves from stationary obstacles in their way.

Very often an air shockvave acts under conditions where it encounters some sort of

obstacle in its path. The moving masses of air are slo.ed down by the obstacle and

the pressure, temperature and density of the air are Thrther increased. This results

in a greater destructive effect on the part of the shockwave than for a vave able

to C L~E:p 4Sjdobstacles.

The increase in the pressure of a shockwave encountering an obstacle is

greatest when the latter is perpendicular to the direction of motion of the vave.

In this case the velocity of motion of the air behind the front of the oncoming

wave is totally damped and the air by tho obstacle is compressed to the greatest

extent, which indeed explains the mentioned increase in pressure, temperature and
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&Onsity.

About 50 years ago the well-known Russian scientist Zhukovskiy drew

attention to the certain similarity between waves spreading over the vfter surface

an& air shockwaves. All those who have observed the motion of sea or river waves

near the vertical wall f an embankment or near a steep bank know well that when the

wave runs against the steep wall and strikes against it, there is a large splash

which lifts some of the moving water considerably higher than the original crest of

the wave. It is clear that the water is only thrown upwards because the pressure

is sharply increased when the water wave strikes the obstacle. This is in some

respects similar to the phenomena observed when an air shockwave encounters an

obstacle.

The moment the shockwave front meets the plane of the obstacle, the surface

of the latter is suddenly subjected to A pressure composed, as it were, of two

parts: the pressure AT which the air was compressed at the density jump and the

pressure due to the virtually instantaneous halting of a moving mass of air (vel-

ocity head pressure). The velocity head pressure substantially exceeds the static

pressure ( possessed by the air on the crest of the wave). Hence the total pressure,

too, may be much greater than the static pressure. The maximum pressure on the

obstacle occurs 4T'the first moment of impact, since it is at this moment that the

velocity of the medium on the crest and the static pressure are highest.

At the first moment of impact, it is only the particles which are at the

front of the effective wave which are stopped; then come the particles which are

contained in the next layer and so on. Consequently, there is a new jump in den-

sity at which the motion of the air in the direction of the moving wave is ceased,

and there appears a new shockwave - a reflected one moving in the opposite direction,

that is to say a wave from the obstacle.

The reflected wave front gradually moves away from the obstacle. At first

this motion is due main4 to the stopping of the air in the effective wave. 7his is

similar to what is observed when a locomotive pulling a freight train at a slow

speed is suddenly stopped. In this case the car closest to the locomotive is the
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Sfirst to stop, vhile the remainder continue moving by inertia. Then the second car

stops, after it the third, and. so on, until the wave of bmrking reaches the last car.

( TMe ove"'pressure occurring during direct impact between the air shockvers

and the obstacle can be calculate& by the equation
. 6.1p

Apo + TP

where Ap• is the overpressure at the front of the forward (incident) wave;

PO is the atmospheric pressure;

•p is the overpressure at the reflected wave front.

According to A pr , the increase in pressure during reflection may differ.

For example, if A pt is many times greater than atmospheric pressure, which is

1 kg/cz?, we find

A&e 8 8%p-.

This means that when very strong shockwaves are reflected from obstacles,

the pressure is increase& by a factor of eight. (It may evenflncrease~in practice

to eleven times If the shockwaves are very strong).

Conversely, if AP f js equtl to atmospheric pressure, APref = 2.'75, that

Is to say, there is only an im rease of 2.75 times.

Table 2 gives the values of A Preffor different A p

Table 2.

Overpressures at the front of the reflected wave 6 p,4 for different
values of the overpressure Ap 4 in an air shockave striking L
an obstacle perpendicularly (ti an atmospheric pressure of 1 kg/cm

A- ký 0,05 0,1 0,3 0,5 1 2 3

A-P ref (kj/c44l' 0,H10 0,21 0,65 1,20 2,76 6,67 11,2

Ate2,0 2.1 2,2 2,4 2,8 3,3 3,7

It is clear from the table that in cases of practical importance, when

p ranges approximately between 0.05 and 3 kg/cm the increase in Mximm over-

pressure through reflection ranges frm 2 to 3.7.

-80-



ak As soon as the air has been slowed down by the obstacle, it begins to

move in the opposite direction. Here the energy spent on compressing the air

I is reconverted into energy of motion to a considerable extent, anid at some dis-

tance from the obstacle there occurs a reflected shoc~wave similar to the wave
1 4

f proceeding directly from the charge, though slightly weakened by energy losses

during reflection. If the obstacle is flat and lthe wave is reflected from it

during the explosion of a concentrated charge at a distance 11 from the obstacle,

then as can be seen from Fig. 24, the reflected ;e-ve vill sDread jusit as i-tLouft

t",er'e werero a charge reducing the vave by an explosion behind the obstacle, also

at a distance H. This reflection Is term(e& regular and is cimilar to the re-

flection of sound, ltjpt 9nd w. ler ivcs from vorious obstacles.

Irregular reflection of shockwaves. Deviaticu from regular reflection

is already present to some extent from the beginning anl is indicated by certain

features in the motion of the reflected wave. The point is that the reflected

wave moves partly though air w1hich has been heated up and densified by the

incident wave (Fig. P5), on account of vhich the A-ocity of propagation of the

reflected wave is increased.

As long as the angle 0( between the incident wave front and the reflecting

surfrce is less than h50 (at close distances from the epicenter of the explosion)

the reflection shovn in Fig. 25 is --aintained. But when this angle becomes

greater than 450 (at greater distances from the epicenter), the layer of air
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S F~onQ ref wave

Fig. 24. Diagram of regular reflection of shocINave by earth surfaee.

dcnsilfiA duxing reflection forces back the incident wave and moves forward, over-

taking it. 'This effect - !-Preglfir reflection - is shown in Pig. 26. A similar

-phenomenon can often be observed in nature. For example, when a stream of vater

Sflows along the gutter, we often observe that a wave produced by a stone or some

other obstacle strikes the edge of the sidewalk and Is reflected by it. Tf the

* stream 4.s fairly strong and moving fairly fast, there is irregular reflection of

the ijave by the edge of the sidewalk.

Fig. 25. Propagation of incident and reflected vaves.
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Dhefuring reflectio, the pressure is increased.. If the angle t betveen

the vavefront and. the reflecting surface is zero, the incre~ase in Pressure ProceeaUU

as might be expected from the equation given above for A p I teagle

is 90g, there is no reflection at all and the pressure at the Vavefront is tin-

changed.. But if the angle o( varies between 0 and. 90*, the greatest in~crease In

pressure is found. during the transition from the regular to the irregular

t treflection.

II

Head vave

Fig. ?26. Irregular reflection of shockwove.

Fig. 27 is a graph showin,: how may + • the rprc Oure of t

rreflectlon &P Iicreaier ii; daifferent values of the angle o(

Each of the curves in Fig. 27 represents a speciTic overprcsoure

Ap in the vave approaching the obstacle. The values of A n arc nlaccl

besi.de each curve.

It follows from the graph in Pig. 27 that the greatest pressure increase

is found during the change from regular to L-regular reflection for angles

ranging between 1•0 and 70§ (depending on the overpressure at the incident wavefront).

The wave formed when the incident nnd reflected waves merge is celled

the head wave (Fig. 26). The front of this vave is perpendicular to the reflecting

surface. The werpressure at the front of the head. wave is approximately equal to

the overpresstre FoR perpendicular incidence of the shocwmave on the obstacle.

Tis is valid. if the angIe betvecn the incident wvye fron-t and the reflecting

surface Is only slightly g:'eater then 450. Should. Ue angle be greaser, the head

This graph is taken from th.e book "The Effects of Atomic Weapons?, Nev York,

London, 1950.
-83-



ITT[ 11

f. hP.rr"T

0.r~zI *

'---........

010 20 30 40 50 60 70 80 9000

Fiv. 27. Graph shovinE ratio of overpressure in reflected (or head) vave and.

overpressure in incident vave -as function of ,r1 beee

±ncident wavefront and obstacle.

wave ic hligher and. its overprousure sloml'! lin~t1i nh 66

U_ Iucldtnt 14uve 2 ron t-. !,hen -uhe alngle eappl,-c'lics 0, 1i1ghi- angle~, thje overprenlsure

at tbc huani wove frontL 4; only sHlighly In excosS o' W overprcosure 1~ he

incid~ent viave.

Lei- uni now considler the prop'xgation :T shockvaveo dur-ing Lhe e~tso

of .9 charCge some, wny bov the £ltnurac of -Qje ee-rthi. At; is known, t1his is

called an air explosion.

FIG. 2-8 shoiws tedevelopment of the reflection of Uhe air shockwave

from the surface of the earth.

Reflected Normal-srhoickwave pressure

ressure iresd. 6 to 3 times

g.28. Formation arid pxopsgralim of reflected. 31hockwave dnxing air ruclear

explosion.



IAt distances frcm the epicenter LsSS 1-Xian the height H of

the point of explosion above the ground, there is a regular ieflection, while at

points whose distance from the epicentei. R~ ifs 6reater than the height H, an

irregular ref lect, -i begine and, a head. wave is produced.. The height of the front

of this vave keepe ncreasing. The f ront eventually attains the height at vhich

the explosion occurred. After this the shape of the front begins to change an

it becomes lik~e part of the surfece of a sphere with its center at the epicenter.

Flov of shockwpaves aroundr obects of finite dimensions. 'The motion

of an air shockuave over smoo-Oi and even ground. is a comparatively rare case. It

is much more likely -MAT the shoc1qqave ýNiLJencounter buildings, trees, various

irregulariti~es In the terrain and, oilher local objects. In such cases thfe prop-

agation of the air shockwavu changes. It is rnrtly reflected from local. objects -2

and partly flows round thmi.

eT~- -us Lrace (thi~s effect in a very simiple example. L;us imatgine that-

ve have a fairly strionG vertical vol1 whicth vithsilrinds !, 0`11 ec-'. op an -4-f h

wave. UndIer theoc conditions the 011comiTIL Wave !I? refrlected froma the wrel).. ilet

us assume the wa-ve strikes the wall perpenlicularl,.'. 7h3.o imoment is shown

Oi9.oranatIlcally ir 'rig. 2T9a. Na~ a result of reflection, a. layer of deasiffled air

bounded on thie outsf~de by the front of the embryonic reflected wave Is CrnrMed

ClOSC +o jj-je suri"~ce of 1701ia1.

PAttentton must be given to the fact that at -this moment their

beý;1ns a certain distortion of t~he plane front at the edge of the obstacle In the

densifiedI ai~r layer behind. the refl~ected vave front. The distortion rneans that

the strong'.,,. compressed lay~er of air at t11he suzface of 'die wall has no support

below it. vhere the air pressure is lower. As a result the alir from the densified.

layer begins to travel upwards and a rarefied. wave (wave of reduced. pressure)

begins to spread down the densified layer. Withir the wave the air

moves both in an upward direction and. is also deflected. in t~he direction of the

I-rinciTial shockwave by t-he air moving over the- obstacle. The d~irection of motion



of the air is thereby currea an& ve fin& an ediy twirling in a clockwise

direction, as aho-n in Fig. 29. The occurrence of the eddy sharrly reduces the

t •air pressure on the top of the wall, since, first, there is a reduction in theI air density through its spreading oat, and second, centrifugtl force presses the

S~air away from the upper surface of the obstacle. On the outside the eddy is

bounded by the curved front of the reflected shockvave, Here 6entrifugal force

densifies the air behind the reflected ive front and the pressure becomes greater

Sthan in the part of 12he wave adjoining the obstacle. It is just this which

explains the cccurrence of the cuved area of the reflected shockwave encompassing

the top of the obstacle.

As time passes these effects become more complicated and develop, but

their overall nature reanains the same. Fig. 2Q) shows the moment that the curved

area of tle re2lected •iave rounds the top edge of the obstacle and mover doin the

other side, merging with the front of the or._inal vave.

As a result the rear srarce cnf the -
1 ch-_-I. 4:3 1J ~e~dL

AT
acronsed air pressure .ifhuie/the fron5 surface ihJ.ch faces the explosion the load

is gradually removed. The rarefied wave moves down -Uje fr.ont of the obstacle and

gradually red•'.-s thie hidi pressure produced by reflection of the oave from the

obstalle. Pol- this reduced. rw'essure, homever, is.rather higher than thepreasure

o_ the other side of the wq.!.

Then comes the next stage in the f]0w aroundl the obstecle. Me wave

(eddy) reaches the ground and begins to be reflected by it vith a correspondling

increase in Iressure, just as the primary .wockwave from the exploscit is

reflected from the ground. Tis stage in the process is shown in Fig. 29c.

As it moves further the wave flowing round the obstacle reaches the

ground forming ever greater angles with the lqtter. The center of curvature of

the front of this wave is approximately PoO8L6T TH/of .the obstacle.

UTnder these conditions, at a distance equal to twice the height 2_H-of the

obstacle, the shockwave front rounding the obstacle forms an angle of about 455

with the Ground, leading to the formation of the head wave (ig. 30). As the



II
i
!I
I

-- Straight

Reflected
wave

b

Fit.,. 29. Flow of' shockvave around obstacle: diJagrams aL, b and C Lhow reflection

of the shockvave by a vertia~l v.all and development of' flov arotmi it.
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wVve MO O fUrther an irregular reflection zone is formgo behind the obstacle,

""Vhich the effect of the overpressu"e is sharply increasee&. The head wve formes

C dufrg the process carries on travelling. The eddy formed vhen the ahockvave flowe

round the edge of the obstacle becomes detached. from it and moves on together vith

the mass of air. |
I " I

45 pone

Fig. 30. Formation of head vave and intensified action zone behind the A

obstacle.

Let us now consider flow around a high, but narrow vmel. 7-he sae

effects are observprl n" e lzh cge f the wall a6j were d1saussiA before. They

are shou.n in the series of diagrams i.n Fig. 31. A specific feature of this case, 4:s

compared mith the previous one is the fact that the •iaves rounding the obstacle

on different sides run into each other. They collide and are reflecterl froom one

another. Me reflection occurs in the same way as iF behind the middle of

Sthe obstacle there va-e ý, thin, though strong obstacle reflecting the eaves at the

polins of collision, Just as they vere refl.ected in the previous example by the

Uround. The result is a region of iiregular reflection uith increased effect

at a distance from the obstacle approximately equal to its width.

This can be seen from the last diagram in Fig. 31.

rig. 31. Stagep in flow aro-und obstacle by shockwave (from. above).
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We can conuider yet another case in *hicb the wave f lowe roMu& Kn

obstalce of finite heiit ant width. Here there is flow Cor the top as ell as

around the sides. ThLe result is that the veves come togeier from all three sides

at the sane time in the irregular reflection zone and the intensification of the

eWplosion effect is so strong that the overpressure of the sho~kwve not only

reaches the level of the overpressure of the shockmave prior to impact against

the obstacle, but considerably exceeds it, In this case the destructive effect

of the explosion over a certain nres behLnd the obstacle is greater tb:n if lere

vere no barrier at all.

Expansion of the heightened and reduced pressure regions vhen the

t shocltave flows round an obstecle the heieit of vhich is equal to balf its

'width is sho~m in Fig. 32 from above. It is important to point out here that the

greatest reduction in the explosion effect is notfoun& in the middle of the area

-ollotacd by the obstacle f rom iiie effect of the vave, but ow ErlR salde of a 1ine

t,,rvu•i the cevir. him, facL i8 rUiher unrexpected, kuthougn it is found to be

very much the case. It alvayi hau to be taken into account vhen tsing local

objects for protection from an atomic explosion.

Let us nov go on to consider the forces acting as a mhole on an obstacle

jhiich iS jssiccre the shoclmave load. If the obstacle vere very large in size,

compared wtith the depth of the compressed air zone, the overall force on the

obstacle would be due to multiplication of the overpressure by the area of the

obstacle subjected to the pressure.

t

Fig. 32. Zones of reduced (minus) and increased (plus) effect caused by the

ej)r shockvave behind the obstacle.
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If the obstacle is small compared. Vith the d~epth c the sockwave,

it begiM to ficm round the former, as ve ft &bove. Tt then changes to the

steAdy-state f low by a stream of air around an obstacle, as is observed., f or

examlep during a fairly strong vind under normal circumstances. The transitica

astate Iasts for enough tiur for the rarefied ave and the vortical motion to

completely encompass the obstacle. The times t can be calculated. approximately

IHere B is the vith of the obstacle in meters. If tI is small compared vith the

time over vhich the overpressure T acts, it may be assued that the effect of th

air shoclwave is similar to that of a hurricane with e greatest vind velocity

It may be roughly assumed that this f.low occurs vhenever t is ten or =U

Smore t~ines shorter" than 'C. We car use this Ato f:ind. the vidth of an obstacle

on uhich Vie effe'b of thp shockweve ap revache, thnt of a gust of 4.nrl.

", feor examp.le, 1,• 5 million kg andlP 1 100 m, then D < 22 m.

niis holds for a case often encountered in practice in vlhich the natural .

oscillation period, of the obstacle hit by the shoclmave exceeds the time taken by

the 'iavc to flo', round it t.

Thus, medium sized houses 3 <-22 m) and especially such obJecto as

factory stacks, steel bridges, pilons, telegraph poles and so on, stand 'ip to the

shoclm~ave from a powerful explosion Inmuch the same vnay as to a sidden hurricane.

5. The effect of topography on t_ e air shoclomve

Let us consider hov the air shockwave bdeaves vhen it hits a slanting

obstacle, for example, the side of a hill facing the explosion. Let us assume

the angle between the shoc-kvave front and the side of the hill is greater than

45°. This means that ve have the conditions under which there is irregular

reflection of the wave. Fig. 33 shows some of the successive positiols of the

wave hitting the front side of the hill. There is a clearly defined region of

irregular reflection near the surface, and r head vave vith a pressure greater
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thai the original. veve mioves over t'e surface. If the slope is already im &

irregular reflection sone, the head vave striking it is already formed. A secondary

head vave, much stronger than the first one, is formed. close to the elope. It

I follove frm this that on the slopes facing an eplosion the effect of the air

shockonve is alvys appreciably increased. Conversely, on the far side, where

the "ave, having rounded the top cf the hill is veakened, the effect of the

explosion is accordingly reduced.

4
L~II

FirL. ý3. Variation in ilhockwayve frmi~t vhen it strikes Vn inclined obstacle

(hillside).

If contours ere showm on a map by applying the nr'inciples given 1-0-re

v e. can ohm. hm•, the destr-iction zone- is affected, by the topograp'hy. Fig. 3h.1

shove contours outlining an elongated hill. Let us assxme that an atomic bomb

has explodled close to the side of the hill. In Fig,. 34 the broken line shows the

c~irc-olar dlestruction v.one v~h!(:h vould hrave 1been forn.r4 cluring an explosion over

flat terrain. Mie solid. line shovs the actual size of the dlestruction zonei axle

to the effect of the hill on the air shockwave.

Fig. .34. Variation In destruction region vhen topography is standard (hill qhown
by con tours).
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I1he principal rule ihich geerally sums 4 the effect of the topo-

- mrhy on an air ahockuave is tlat the wav hitting the near slAe oe, the hill

is usually reflected irregularly by it) as shown In Fig. 35. A nev head vave

stronger than the wave vhich approached the foot of the hill now moves up the

aid~e. The Intensif ication brought about usually rsanges between twice the over- I

prehssre, for hills with an incline of 35 - 450 or more, and an increase ofI4several percent when the slope angle is 5 - 10.

It should be pointed out tbhat the greatest intensification of the

IA
9shockvave is foun& when the slope increases steadily from the foot to the crest.

If the steepness begins to decrease near the top, this means a reduction in 4
pressure at the wavefront. Hence the transition from the near side to the far

side, if it is smooth, has comparatively little effect on the vaviation in the

pressure of the shockwave. Naturally, the pressure on the far side is less, but

the decrease may begin on the near side if the steepness falls aff.

T-he Imnvement of t-he wavP 1hils~de in sho-un lisu-'anantically

in Fig. 35. Here we should note hoe. the wave flows round the crest of the hill,

gradually going down the other side, At a certain height above the hill .e

observe a. wedge~ht!ped area vhere the offect of the mve is intensified.

If there is a second. hill beyond the first one, the vave moves dorm
the firstL hill and encotms'Uers the near si-le of de secon. hill, approaching it

differently from its apprcech to the near side of the first hill. This is shown

in Fig. 36. In this case the relative*' increase in pressure when the wave hits

the second hill is greater than when Mting the first hill.

In all these cases the topography only has an appreciable effect vhen

the size of the hillside, fold or valley is greater then the depth of the corn-

Dressed zone behind the air shockwave front.

Thus, an appreciable effect on the air shockwave from an atomic ex-

plosiom may be exerted by comparatively large reglarities of the terrain.
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SFig. 35. Successive moments in the flov of a shockwaave a hill.

if

Fig. 36. Successive moments when a shoclwave lraoses aver tv~o hills.

in fairly deep valleys the lireoct~ion and. veloc!t-y of" the v;inr, as zel.l as aUP

air temperativ~e, are of ten very cliffePrent f rom vhen MCASik• o open cyuntry.

Hence, hilly, aver-agely rugged terrain reduces ihe destruction zone

caused by an atomic explosion, particularly if t!he hills are higher than 100 m

and they slope more than 100. Here a higjier Dress-are is created on the slopes

facing, the explosion, and its destructive effect is greater vhen it meets an

obstacle. On the slopes on the othier side there is a peculiar kind of shad~ow inm

Sthe area of vhich the effect of the blast is -reduced. It should be kept in mind.

however, thiat in -ravines andl Culches, the direction of 1•hich coincides vi th the

movement of the shockwave,, there may be considerable, local increase in presas2me.

In mountainous terrain the destruction zone may be less than on flat country,

and the outline of it is distorted by the. VAPY/G "t6jposraphyT. In narrow valleys

ravines and gulches, provided -the entrance to them faces t=he explosion, the sharp

S~increase in the pressure of the rhoclwave may occur to a greater extent than.•on
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ruggsdL terrain. In the zmoutain there :my also be STa&I1 ches of snow or setme

Sacme wa beyctA th destructi1on zone. An atomic bcmb &rpe near a gulch or

( I in a narrow river valley with overha~ngin cliffs may lead. to an avalJanche

accompanied by flooding of the neighboring ti•rrItory.

6. Effect of veather on join.ation and effect of air ghockweve

During the explosion of conventional bombs, shells anr. missiles of

different types, vhen the veight of the explosive is not more 1han a few tons,

the effect of vesthe- on the air shocivave is comparatively slight and not sually

taken into account. The greater the charge and the greater its range nf destruction,

hovever, the more the veather affects its action. Obviously, in atomic and.

hydrogen explosions this effect is particularly great. Let us consider it in more

detail.

The effect of veather on an explosin dlependcs mainly on tmo .factors:

the distribution of the air temperature at different heights above the Ground and

the distribution of wind. velocities at different heights above Pround.

Naturally, the effccý of theoc tuo factors is usually simultaneous and

combined. But for greater lucidity we should. perhsps consider them separately.

Let us first take the effect.of temperature.

Effect of temperature on propagation of shockvave. As pointed out

above, the velocity of propagation of Pn sir shcokwave is
D=c V1+ 0,86 API__•

PC

The quantity c in front of the root sign is the speed of sound in air (in meters

per see).

':t can b!• considered that the velocity of propagation of the vave is

directly proportionel to the speed of sound since vithin the practical limits of

variation of the addend 0.86 p_ /P , its effect as a first approximation can be

disregarded. In turn, the speed of sound &epends on temperattie. It is directly

proportional to the square root of t~he absolute temperature. As we know, the

absolute temperature T is reckoned from absolute zero, which is 270C below zero

on the conventional amtigrade scale, i.e., T = t + 273, where T is the absolute
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temperastre, t to the temperature centigreme.
U-.o

It can be assnued ihat the speed of sound
S273+1 M/Sec

Val.=332 ,---if 273
Here 332 m/see is the speed of sound at ýOC.

Provided t does not vary more than from +600 to -6oa, we can base our

Scalmilation on the following equation with a fair degree of accuracy

V,, = 332 + 0,5t.

Thus, the speed of sound given above, 31 0 m, corresponds to a temperature of 15*0C

The temperature of the Lir usually differs according to the height.

For example, on a hot sumner day at mid-day the air layer close to the surface of

the earth is very hot. This phenomenon is most often observed in summer in

bright, sunny weather. The effect ittnds out most clearly in deserts and arid

steppes. The upper layers of air are appreciably colder here and at a height of

several kilometers the temperature is considerably below OC.

In this case the speed of sound, and therefore the velocity mf the

shockuave travelling along the ground, are appreciably greater than the speed of

sound and the velocity of a Shockwave moving vertically uInards, which leads to

a change in the shape of the wave front. For example, in a ground-level explosion,

as we say earlier, a shockwave with a surface shaped like a hemisphere is produced

in the air WHIl/a constant temperature. But if the temperature of the afr decreases

with height, the semicircular wave front changes. The vave ta travels a compar-

atively long way through the hot air at ground level; conversely, above in the cold

air the wrve travels a much shorter distance. The change in shape of the wave front

resulting from this is shown in Fig. 37. The variation in tmperature T with

height is shown in the same figure, on the right-hand side.

Shockwaves which are not very strong travel in a direction roughly per-

pendicular to the wave front. The change in shape therefore leads to a change in

the direction of the wave. This is also shown in Fig. 37. it can be seen from

the diagram that the wave is curved by 1-he temperature. This means that the

bulk of the energy of the shock-avc moves away from the ground and the vave is
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considerably veakened near it. Te fiirther the shcckwVe is rewzve from te

point of explosion, the more appreciable its veakezing becomes. At a aiutamce

of 10 or 20 Im thete can be a reduction in the overpressea under favorable

conditions, and this may lea& to a reduction in the radius on the corresponding

destruction, for example, shi-ering of vindow panes. But broken vindows

can also be a source of injury if there are people nearby in the buildings.

I•

) - -
- -,

Fig. 37. Deviation of pronagation of shockwave when the air

near the ground is varmer.

hhsi. it crin bp awmimpie thnt nm n hn+. wimmr vpay, vhen tht. air neav the

ground is very hot, the effect of the air shoclwave is greatly reduced over

distances of the ortler of 10 ]w o ore, and that thi.s appreciably reduces the

effectiveness of an atomic explosion.

The exact opposite occurs whsn the temperature distribution of the air

is the reverse, as shown in Fig. 38. The air cl.ose I%0 the ground& i@ very co•.•,

while up above there are varmer masue" of aj.r. Hirol/the wave J$ ISE$ very
M, Air NAIE•A 15SL•-, ,.

r•pidly, taco -the mavt/ the ground/ This means that the shockvave front in

£ the air changes shape, as shown in Fig. 38. The diagram shovs how the paths of

the wave curve dowr towards the Ground. This is exactly the opposite

pePttern to what can be seen iin Fig. 37. When the ppths rf the shockvave curve

dwnwards, the effect of the explosion in the layer (f air close to the ground is

intensified, and the destructive r-nLge masy be considerably increased, provided

its original size was approxts-otely i0 I= or iaore.

n aIr tempertite distributia in which t.e coldest laers Pre belov,



Fig. 38. Deviation of direction of propagation
of shockwave vhen the air near the ground
is colder

?4
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near the ground, usually occurs on =clear, cold nights, Particularly at dmn

Vhen there are light frosts ipring or/,Ie fall) or else d•uring heavy vinter

Sfrosts. Under these conditions the effect.veness of atomic and • roe boubs

is accordingly increased.

Effect of win& on propagation of ahuckwve. Let us look at the effect

produced by win& on a shockwave. It is sometimes conjectured that wind may I

intensify the effect of the shockwave since the pressure of the wind is added

to the pressure of the shockwale if it is moving in the same directicn. But if

-the wave is moving against the wind, the former may be weakened. This view is
pgObVC ED

correct, but it does not take into account another, much stronger effect/by the

Sind.

The velocity aC the vind usually varies with its height above the

earth's surface, and in most cases is lower near the earth and higher up above

(Fig. 39). Under these conditions the wind changes the shupe of the wave front

to sGate extent or other. WOg4tasthe wave front is shaped like a regular hemis.-

Sbere during a ground-ty-pe level explosion it hovogenenus ýind s tiAijory &.ir, if

here is a wind increasang with height the wave front .ill be, as it were, sqirtshed

in the direction of the wind. This is shown .n Fjig. 59.

The curvature of the vave front, Just as in the influence of temperature

on the wave, leads to cuwvatuxe of the paths of the wave. A characteristic effect

of the wove in this cnse is the sharp differente between the paths of the wave

on the windward side and the leeward side ýFig. 39). On the vindward siae, the

shockwave is deflected upwards and is detached from the ground. Conversely, on

the other side the curvature of the wave results in intensificaticn of its acticn.

Tihe result may be that in the direction of the windl the effect of the explosion is

transferred several times further than if there were no wind. Conversely, the

distance is reduced several times when the wave moves iato the wind. The all-rourd

effect is thst the destructive range is increased and shifted When there is wind.

If there is wind and variable tenmerature at the same time, the effect
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&ckweLve may be still greater. For example, if a light frost is followed by a

ntron vin& increasing with height and. bbwing over cold 7razd, the increase in

te effect of the explosion in the same direction as the vi.n is particularly

g reat. Conversely, on a hot si.mers day the effect of the wind shouli. be far

veaker. The greater the caliber of the charge, the more these effects are mani.

f ested.

U WJ

Fig. 39. Propagation of shockvave when the vindn Increases vith height.':

7. uhocktrves in dense .nedi-.

Shockviaves in mater d.urlng undlervater nuclear explosions. When nuclear

weapons are used against ships, docks and hydrotechnical constructions, A under-

water explosion may prove ext[remely effectLive. An underwater explosion is quite

different from one in the air. Provided the charge is himmereed deeper than 15 -

25 m (depending on the caliber), tlhe light and penetrating radiation do not

escape from the water, Iut are absorbed by it. The absorbed energy causes the

formation of large masses of water vapor which quickly expands, throwing up an

enormous column of water more than a kilometer high, and partially using the

energy to form a powerful shockwave in the water. The shockwave in water is in

principle of formation more or less the same as in the air, and is qualitatively

similar to the latter. On the outside the wave is bounded by a sharp jump in

densification (vave front). The pressure of the water is greatest at the front.

Behind the front it gradually decreases, approaches normal and then falls sl#itly

below normal.

The velocity of propagation of a water shockwave is more constant thal
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I the one in air, aez.fairly high. It virtually coincides with the speed of soun!

In wte (about 150o0 n/ec).

r Ov6A the dame distance, the pressure at the shockwave front in vater

is much greater than in air. This is due first and foremost to the con~idexable

Slensity of the water and its low compressibility.

A characteristic feature of the shockwave in 'water is that when it

encounters a stationary obstacle, its pressure is only slightly increased. This

is because the velocity of moton of water behind the wae front is very low, since

water is only slightly compreselble and there is no where to shift it when the

wave moves forward.

The time over which the overpressure acts in the water is smaller than

in air by a factor of .30. 9he depth of the wave is coml%%ratively slight. It

depends on the depth at 'which the charge exploded. Indeed, if the explosion of a

nuclear chArge t-13S place at a comp.ratively slight depth, the vwater shockwave

quickly reaches the surface. Here the pressure at its front leads to extremely

rapid detachment of the surface layer of water from the remainder. The layer is

atomized into fine spray which is hurled into the air with great force. The

layei of water beneath seem to seethe and turn into foam. All this leads to the

almost instantaneous disappearance of the overpressure. A rarefaction wave is

formed at the surface and begins to move downwards into the depths st a velocity

equal to the speed of sound in water. Since the rarefaction wave spreads

through water further densified by the compression wave, it catches up the

compression wave and partially enters the compressed water zone, where it Reassa,6S

the overpressure. The mutual effect of the compression and rarefaction waves is

shown in Fig. hO.

When looking at this diagram, it must be taken into account that the

rarefaction wave has the same spherical front as the compression wave, B t the

* center AgoLJb which the circwmference Oi* the rarefaction wave front should be

drawn is shifted upwards with respect to the center of the explosion. The center
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of the zarefacticr vve is the Same height above the wa.ter surface as the depth
of the cbarge in the vater. Right on the surface the wvith of the compweesed same

is zero, while beneath It the width increases and eventually attains its ori-

ginal size at a certain depth.

Tae rarefaction wave *reduces 4 estrUction C#9USO 5/qw UM.Vws ir.

explosion, an&ito a considerable extent. The less the depth to which the charge

descends, the more marked this effect is. Hence in shallow reservoirs with a

E'iFi•m bottom, where the nuclear chargecannot in most cases penetrate the solid

I rock forming the bottom, there is less destruction auring an atomic explosion

than when the water is much deeper. Thus, even considering the reflection

of the shockcwave from the bott-- (vi tin certain limits), shallow water is a

means of protection for ships, port installations and other objectives by the

side of stretches of water or actually in them. It i ointed out in the fcreign

press thit still better protection for particularly important objectives (for

example, powerful Eaonu, large pover stations) fob tnined by covrering Lhe water

surface with rafts or pontoons with a solid layer of stones, that is to say by

"armor plating" the surface of the water so that the nuclear rocket or bomb

explodes on Jie surface or at a minimum depth.

Shockwaves in the ground. Ground shockwaves are praluced vhenever

there is an explosion on the ground or A4 porrt woy beneath it. In these cases

the explosion has a direct effect on the ground, causing the movement of particles

and an increase in pressure in more or less the same vay as during a water ex-

plos ion.

There is another way of producing shockaves in the ground. An air

shockwave or a water shockwave may affect the surface. This causes a shockwave

in the ground, and above ground the pressure of the shockwave is equal to the

pressure of shockwaves in water or air. As the wave moves throu(4i the ground,

it is greatly changed, the pressure in it is appreciably reduced while the time

is greatly increased.
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2his is due to the folloving facts. Soils such as saa, clay, lcsm..

etc., usaill have a definite structue. The particles in the soils are arrange&

in a definite position and 'when a force is applied to the soil, there is first |

compression and a slight movement of the particles with respect to each oeher. I
But the structure of the soil is unchanged. If the farce applied to the soil

increases, twe is displacement of the wticles and they lose their original

order. The structure of the soil is destroyed, there is considerable densi-

fication and a new, denser structure is created, Nihich can usually vitb.tan.

greater loads without further lestruction. ,

Uhese changes in the soil when loads are applied to it also occur when

a shoc1mve passes through the ground. Here small overpressures are transmitted

most rapidly of all. This is due to the fact that at small overpreqsures the

structure of the soil is not destroyed and is able to t.anmmit the shifts and

the loads at aeat velocity. Heavier loads destroy.na t1e ••r'uctiTre oF the soil

and compressing it extensively are transmitted slowly.

Surface of thrown up

- r b,7ýf rar

r•=o esion wave

Fig. 40. Compression and rarefaction waves in underwater explosion
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' IIlan" large OV.WPVMaUM UBU1Y sPyea mo=8 a loly tthreug te grv=1d then snall
overpressures. In this respect soft soils are markedly different from air or

wter, in vhich we sen the opposite: the greater the overpressure, the more quickly

it is transmitted.

The distribution of overpressure through the shockwave in the ground is

thereby considerably different fram that in air or water. This is shown dlia-

gramatically in Fig. 41 which contains graphs for the variation in overpressure

with tim3 in an air shockwave impressI upon the groundý and in the wave at

different depths below ground. Since the small initial compressions are trans-

mitted more rapidly than the stronger ones, the maximum pressure moves further and
further back and keeps decreasing, while the wave is stretched out more and more.

IF 9hese features of shockmves In the ground prevent us cal.ing -them shock aves

S~since a shoekwave is usually one in vhi(:h the overpressure Jumps to %6 maximum-

value in the bepl.nning of -its effect, P-rd the prev-sure peak is chifted fo•*a-6ar to

T1.l

L he vave front.

Time

•U

-' Time

Fig. 41. Variation in pressure in air and in ground during explosion.

An increase in the time over which the wave acts, deceleration of the

increase in overpressure and reduction in maximum pressure of the wave lead to
oFA

LG!&S/ destructive effect.

On account of this, underground constructions, even those a few meters

below ground, are usually well protected from explosions occurring in the air.



if the duargs exploeUs below ground.) however, ani. fairly deep dn.~ 8s

vei•, the effect is rather different.

Under these conditions the bulk of the explosion energy is transmitted to

the surrounding ground and causes a powerful shaking similar in action to an earth-

qusake`.

Hence shockwaves and their destructive effect are termed seismic and the

corresponding quantity R is termed the seismic range.

The seismic effect of a nuclear explosion in soft soil is very powerful

indeed., particularly if the soil is moist, for example, vhen the groundvater level

is high, and when the soil stretches further than the destructive range of the I

corresponding airwave. I
The seismic range is several times smaller in rock. But this applies to

the area vhere the effect is comparatively strong. At greater distances, con-

versely, the seismic effect dies avay more rapidly in soft ground and is tranil-

mitted through rock in a less veakened state$

At comparatively large distances from the center of an underground ex-

plo•ion, such a high velocity is imparted to the soil that it is throim a con-

siderable distance and a crater is formed.

The soil thromn up from the crater may travel, a long vay and injure people,

damage building and equipment or simply bury them. Under these circunstances the

air shockwave is basically vertical and the damage caused by it close to the ground

should be comparatively small.

8. Destructive effect of shockwave

Effect of shockwave on humans. The nature and degree of harm suffered by

humans during a nuclear explosion depend on theiconditions at the moment of the

explosion: distance from the center of the explosion, position at the moent of

explosion, degree of protection, and so on. If a shockwave acts on an unprotected

person, it may cause various injuries, basically the same kind as those caused. by

cmventional she-' and bombs. But the area of destruction during a nuclear
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explosic is far greater than vhen using conventional veapc.

Shoclamves frm a nuclear blast have a direct effect on humans and

anivAls, and. also an i'"A eI t effect if the people and animlms are hit by flying

F or falling masonry. In the case of direct effect, the shockwave may cause FA-rA..

injury to the human organism only when the overpressure at the wave front reaches

a certain point.

In this case the shockwave causes injury to -he lungsjhtympanum and

causes hemorwhage. During the atomic bombing of Hiroshima and Napznki by the

Americans, there vere cases of FilifRL injury through the direct effect of the

shockwave at 800 m from the eipcenter of the explosion. At this distance the

S~pressure at the wave front was 1.2 - 1.3 kg/cm.

But wile N the nuclear bombs (on the Japanese cities, the

F direct effect of the shockwave was not the main reason for the killing and wounding

of people. The main part was played by the indirect effect, VyAt is to say

S<by the shock-wave. The indirect effect vau the cause of injuries and damage of a

Svery varied nature ranging f rom minor scratches and bruises to LasS r-F, ki, Mhe •

indirect effect of the shockwave led. to injury at considerable distances. Cases

were recorded in Hiroshima end Nasasaki of people being struck by bits of masonry

at distances of up to 3200 and 3700 m f-rom the epicenter of the explosion, and

people being seriously at distances up to 2000 m. In Hiroshima and Nagasaki

the shockwave indirectly claimed most of its victims among people hidgAS in

buildings in which the probability of being struck by masonry: •as greatest.

F The injuries caused by the shockwave are usually subdivided into minor,

medium, seriou ui extrtwely -sorious injuries.

Minor injuries occur vhen the overpressure in the shockwave ranges

between 0.2 and 0.4 kg/cm1 and are known to be caused by an intermediate atomic

bomb exploding in the air at distances up to 2.5 kim. They are characterized by

temporary loss of hearing, d.ifht concussion, bruises and iile -'ISLOC4TIOAl oF Q1 Ma8;
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Medium injuries occur mhen the shockwave pressure is areaziter Y 0.5

kg/em$ and are *bserved at distances up to 2 km from the point of the eploeiom &

A an intermediate bomb. Here there may be serious micuson of the entire oirgaism,

damage to the hearing, bleed~ing from the nose and. ears, fractures an& serious dis-I ~locati ons of the appendages.

Serious injuries occur vhen -the shockwave pressure is greater than 0.5

kg/cm* and, have been kniown at a distance up to 1.5 lIn from the point of explosion

of an intermediate bomb. Heavy concussion of the entire organism, excessive

bbeeeding from the nose and ears and. serious fractures OF the appendages are

characteristic. 1) 1
tPressures greater than I kg/cmV cause extremely serious, injuries.

Among the victims in Hiroshima and Nagasaki about 70% had open vounds

I (cuts and jagged wounds); and. 10 - 20% suffered contusions and fractures e The

cause of more than 60% of the open vouvds vas flylBg glass, bits of buildinga,

a•nd morp. than 5r#,• of the contuviouns vare duc to .... Ing maco-nmy. The "njur-ie-

caused by flying objectu and falling marinry comprise 70 - 800 of all cases 2)

According to foreiep press repoi-ts, as many as 50% of the fatalities

t• In Hiroshima vere due to the effect of the shockwlve. It should be pointed out

|I that in certain cases the shockwave hau a different effect on humans, even at

the same distance from the epicenter. The reasons for this are that a mode of

propagation of the shocklwave is not always the same. Different local objects,

for example, buildings and the topography, for example, hills, elevations, and

I so on, have a screening effect on its propagation. Let us quote some character-

istic cases of the direct action of the shockwave during the atomic explosions

over Hiroshima and Nagasaki. People vho vere standing on the dam 800 m from the

epicenter at the moment of the explosion vere thrown in the river. One man 1200 m

from the epicenter was hurled 10 m, vhile another standing 200 m from the epi-

center vas knocked over. People located in a mountain 900 m from the epicenter

lost their headvear. That vas the direct effect of the shockwave produced by the
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Mplo06ic of a nuclear bb wvith a VT equivalent of 20,000 tomn.

We RhOuld also point out that in powulated poimts the i•naeeave may cause

Sconflagrations by dest•ring stoves and daimging Sas pipes and electric cables.

The fires themselves may cause injury.

Effect of shockwave on different installations and objectives. The

destructive effect of an air shockwave is due t) the fact that when it encounters

an obstacle in its vay, it exerts a tremendous pressure on it. For example, if

the air shockwave encounters a house, it first hits the wall facing it. The

moving mass of air itpresses upon ;ie wail, first because the air is greatly

compressed, and second, because its movement is restrained by the wall and the

energy of motion becomes energy of pressure, the latter bdng increased accordingly.

The densified mass of air slowly begins to flow round the edges of the wall after

it has formed. The area within which the air begins to move round the edges is

rapidly increased, and in a short space of time practically the entire mass of siv

L densified during the impact is set in motion arxiand the obstacle.

In view of this, the initial force acting on the house is reduced. The

reduction is due first and foremost to the fact that there is a decrease in the

pressure in the mass of air densifled by the wave at the fronv wall. Furthermore,

as shown in Fi. 2, the wave traveling round the building exerts pressure on it

from behind and at the side, and also increases the pressure of the air inside the

building when it enters through the windows and doors.

Characteristic destruction due to the air shockwave is the breaking of

window panes, which occurs at overpressures of several hundreds of a kilogram per

square meter. In this case a window plane, let us say 0.5 x 0.5 m in size, that

is to say with an area of 0.25 m2 , experiences a load of at least 25 kg. This is

obviously quite enough to break the glass. It should be pointed out that an over-

pressure acting for some time can hurl bits of broken glass inside the building

with such force that they may cause serious injury to the people inside.

Underground shelters with coverings which do not protrude above the surface
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Fig. 4I2. Flaw round anientry into build~ine by shockwave.

of the ground. experience more or less the same specific pressure as the surface

itself. If the wave travels along the ground, that is to say1 if' we are dealing

vith a groun~d-level shockwave or head Vave caused. by irreguolar reflection during

an aerial explosion, the pressure on top of the shelter ise equal to the over-

pressure of the air at the vavefront.

Overpressures of several kilograms per square centimeter or several doz n
C~AW 5(

tons per square meter)\IVIVistood by ordinar~y vood and ea~rthtfieldi shelters and

ai ýa id shelters.

Sbelters made of solid ferroconcrete or ferrocoacrete parts can vithstand

the effects of an intermediaite atomic bomb shockvave at any point, including even

the epicenter, that is to say directly below the poInt of explosion. This is so

provited the height of the point of the explosion above the ground is not less

than 300 m.

Let us consider the effect of as hockwave produced by the explosion of a

charge vith a WT equ~ivalent of 20,000. Mhe considerable damage at Hiroshima and

Nagasaki vas mainly dlue to the effect of the poverful shockwaves. The degree of

d~amage caused to buildings and their stability in an atomic explosion depend first

and forumost on the power of the explosion and, also an the type, strength, and size
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of the building, the materials Ath thich it is built, its position amid. local

object and oan the terrain, and finally, its distance fora cthe point of ensirson.

Single-story concrete buildings (factories) at Hiroshima were aeverly

damaged at distances up to 1600 m from the epicenter of the explosion. Multi-

story buildings with ferroconcrete framework as well as industrial premises vithI steel frameworks were totally demolished at distances up to 700 m, and suffered

serious damage at distances up to 1500 m from the epicenter.

Brick buildings without any framework vere destroyed at greater distances

than those with frameworks or ferroconcrete buildings. Buildings made of brick

without framework were totally destroyed at distances up to 1600 m from the epi-

center. Light) wooden residential houses, with framework, were destroyed at 4

distances up to 4,000 m from the epicenter.

The destruction ranges for build•ings and military equipment are given in

Fig. 43~.

During the aerial explosion of a nuclear charge with a TNT equivalent of

20,000 tone (height of oxplosion H = 600 m) serious dat.age may be caused to tanks

200 m from the epicenter, radar equipment up to 1200 m from the epicenter, Vircraft

on the ground at distances up to 1600 m. Glass may be broken at distances up to

8 12 km from the point of explosion.

The following approxinate data are for damage caused to warships of

different classes. A warship may be put out of action entirely or severly damaged

at distances up to 800 - 1000 m from the center of explosion of an intermediate

charge; serious damage may be done to superstructures, boilers and equipment at

1000 - 1200 m; intermediate damage can be caused up to 1350 .m and slight damage

-~1.)
"Mhe effects of Atomic Weapons", New York, 1950.

2)
Xih. I'atsuva, K. Xhalsi. Nuclear Weapons and Human Beings. Translations from

the Japanese. Foreign Literature Press, 1959.
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Fig. 43. Range over vhich buildings are destroyed and military equipment

damaged during atomic bomb explosion ( q 20,000 tons).

up to 1650 m. Obviously, the amount of damage depends on the class of the ship.

The explosion conditions (depth of the vater, depth of the explosion, and iso on)

also have an effect on the range.

As the caliber of the nuclear charge is Increased, the destructive range

of the shockwave increases in proportion to the square root of the explosion energy,

and not to the caliber of the bomb. For example, if the power of one bomb is J.000

times greater than another, the destructive range of the shockvave of the first

bomb is 3 t -l-T times greater than that of the second, i.e., a factor of 10.

It is interesting to note that as the caliber of the nuclear charge is

increased, its effectiveness, generally speaking, decreases (if ve take the area

of destruction per %nit of TNT equivalent as the index of effectiveness). Indeed,

the total area of destruction S caused by an atomic shockwave is proportional to

the 21T equivalent q raised to the pow er 2/3, vhich can be vritten down as follows

S aq2A,

'where a is the proportionality factor.

But the specific area of destruction S per unit of TNT equivalent q may

be vritte as q q qu'

"-109-



Hence, as the caliber is increased, the specific area of destruction is

reduced in proportion to the square root of the TNT equivalent.

Let us look at another example. Let us assume the total area of aestruc-

tion of a charge with a TNT equivalent 2 , 20,000 tons is 5 •.The specific

area then will be
3000000 S20000000 ^ f5 m2/kg

For a charge 'ith q = 100,000 tons, the destructive range of the shock-

wave is increased 5 t hile the total area of destruction is increased
and in the given case is 5 . = 8.79 km But the specific area of

destruction is
8790000 0,0879 m2 /kS

100000000

that is to say an increase in caliber of five reduces the specific area of des-

truction by 3r.

Thc shoclkvae f'ioici a iwulewv explosion may cause fires, apart frca

mechanical danage. It may destroy~ibv' EvNA'/or wood, it tay cause short-

circuits o4 destroy gas pipes, and so on. At industrial plants there may be

cdestruction of furnaces, boilers, 1e collapse of buildings. Miese factors may

produce fires as a consequence of the shockwave.

The shockwave also helps to spread fires. It breaks 'indow panes, de-

molishes fire-prevention partitions, demolishes 'alls and roofs, tears the plaster

off wooden walls and ceilings, breaks down doors, landings, floors and so on.

Burning debris from neighboring building may come flying in through the windows

or holes, helping to spread the fire, even in fire-resistant buildings.

Inflamable material may be hurled across courtyards and streets by th- shockwave.

It should be pointed out, however, that the destruction of buidings by

the shockvave may also prevent the spreading of fires. Buildings with inflammable

framework may collapse and as a result not burn so rapidly.
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Maur factors promoting fires are the possible disage to Vater Supply

a ystesmw4 the prtial or total disorsnizsation of the fire service. For

e=ample, in Hiroshima an Nagasa&i damage was caused to the water supply system

and main pipelines, which -'esulted in leakage and a drop in pressure. A large

number of pipes laid on the surfac e of the ground were destroyed by falling masonry.

The main pipeline in Nagasaki which was about a meter on the ground was cle-

stroyed by uneven shifting of the soil due to the shockwave. In Hiroshima this

pipeline was destroyed through the destruction of the bridge across which it ran.

In Hiroshima about 70% of the firefighting equipment was buried under falling

masonry, not to mention the fact that about 80% of the firemen themselves were

unable to carry out their duties. Even if the people and equipment bad not suffered,

however, in many cases they could not reach the center of -the fire through the VU6)SL9

blocked streets. 4

-III-



CHAP= III

Lt3M0t! M.IATION FROM A_ =ME ZPOBC

1. 8 ck. "of luinous re.iatia in a nuclear explosion

SAS hag already been pointed out, during a nuclear explosion in the air,

aproimtely one tbird of the energy released is radiated in the form oflih

! (or more exactliy, radiant energy) vhile the remainder is emitted in the form of a

shockwave, radioactive radiation and thermal energy carried along in a hot cloud.

For example, a nuclear chgse vith a MNT equivalent of 20,000 tons

releases approximately seven billion kilocalories in the form of light. This

amount of heat could heat up 70,000 tons of vater from 00 to boiling point.

The source of the light during a nuclear explosion is the lumizous area

shaped like a ball (in an aerial.' explosion) or hemisphere (in a groundf-level

explosion).

The fireball formed. is in many respects like the sun. In both cases the

radiation consists of ultra-violet ligit vith a comparatively short vavelength,

visiblo light with a londer -wavelength and infra-red radiation, the vavelength of

which is still. greater. The luminous radiation from a nuclear explosion is the

totality of the visible light and ultra-violet and infra-red areas of the spectrwn

close to it.

Just as the sun, the luminous region constituteS incandescent gas

heated to a very high temperature by Lhe energy released. it consists of evaporated

material from the nuclear charge itself, fision products from the atomic charge and

air adjoining the point of the nuclear explosion. The ltminous region differs from

the sun in that the nuclear reaction on the latter is continuous, so that the sum

has now been radiating light for more than 4 billion years. Furthermore, since the

nuclear reaction inside the sun is continuous, the temperature of its surface remains

constant and equal to about 60000.

During any nuclear explosion the luminous area, vhich is also the result

of the nuclear reaction, that is in size and surface temperature; its dinensions

increase with tine to a certain point after the explosion, while the surface
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t•yerature falls. This vill be &1sc=Sed in geater detail later ca.

-- at -A, v"lo1tyX0GjODG1 km/see

( Oveg gret distances from the point of the explosion, the luminous radiation is

absorbed by various boies and turns almost completely into heat. As a result the I
illuminate& bodies become hot. * The heating of the surfaces of different bodies

to hih temperatures is what causes the damaging effect of luminous radiation

from an atomic explosion. It may cause burns, it may ignite different materials

and may even melt metals.

It is lIown that the explosion of conventional bombs, mines and shells

is also accompanied by luminous radiation, although it is very different from that

of an atomic explosion. The difference is that in a conventional explosion the

luminous area occupies a small space while the flash lasts a very short time

(thousandths of a second), hence it does not cause any damage.

In an atomic explosion the situation is quit different.

Here -the cause of destruction to bhildlnge and 1.njury to :-eople if mainly

1-H& shockwave. But luminous radiation may strengthen the effect of the ex-

plosion by causing burns on hunans and animals, by causing conflagrations, damaging

military equipment and setting fire to buildings. Mhat is why luminous radiation

from an atomic explosion is one of the damaging factors.

Aa is known, light comprises electrcragnetic waves of a certain wave-

length. It is emitted by certain atoms and molecules when they are excited.

Mhe excitation of atoms in matter can be brought about by heating it.

It is knmow that heated bodies glow; this is due to the fact that atoms in the

molecules and molecules in the bodies are in a state of constant motion. The

motion is a universal property of all particles of matter, of which the universe

consists. Me temperature of the body is determined by the velocity of motion of

the molecules. When we heat or cool a body, ve accelerate or decelerate the motion

of the particle. This idea vas first expressed by the great Russian scientist

Lcmonosov. While in motion, the particles keep colliding. If the temperature of

the body is low, these collisions do not disturb the order in the arrangement of
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I

Olectro thrmW ut the at=. but *at happen if e heat the fMomet of a bull

to a toperature close to 1000•? At this point the t=mptmn atom m=oe far .•e

I rapidly and experience aharp Jolts vhen they collide. Thme Jolts leave th*eir

marks on the atQu; the outer electrons acquire SvwPlus energy and move from the

closer orbit to ine further away, and the atom is "excited". Canging from the

excited to the normal state, the atoms give off light of a certain vavelength

(frequency).

u Experience shows that th ergy of an atom cannot change continuously,

S~cannot have just any value. It varies in Jumps by certain finit3 amounts, diff-

ering in different atoms.

Mis means that the energy of an atom can only have certain selected!I
values characteristic of each atom. And this means that each atom emits light

of a certain frequency (wavelength).

I But why is the spectrum of incandescant solids and liquids (and also Vses) _

under high pressure continuous, that is to say, why is the energy emitted on

rdifferent wave' engthu including infra-red and ultra-vlolet bands? This is due to

-the fact that any body consists of an enorious number of atoms present in diffe3Mt

* energy states and(%he conditions under which they interact are different. Hence,

L different atoms emit light of different wavelengths. On account of this the bodies

emit electromagnetic vibrations over a vide -WAVE 1•Mi D

The distribution of radiant energy according to wavelength, that is the

spectral composition of the radiation, as well as the total amount of radiant

L energy, are determined basically by the tempature of the body. Mhe higher the

L
temperature, the more energy in the ultra-violet region of the spectrumu, and the

greater the total amount of energy radiated.

Incandescent bodies emit light with wavelengths ranging from thousandths

of a micron (ultra-violet light) to thousands of microns (infra-red light). Of

this large range of luminous wavelengths, only a small part can be perceived by

the human eye. Shorter wavelengths (ultra-violet) and longer wavelengths (infra-

red) can only be detected by means of special devices. The electromagaetic



ra Mioa oIm at the present tiz can be brobMe doMM accord1ing to 1'velQg*

a. freque•y into an electrom etic aive scale (Fig. 14). As m be teen fIr

fthis figure, the scale is divided into several regions. It should be kept in mind

that this division is arbitrary (relative) and not strict. It is mainly based cn

the methods of deflecting (manifesting) the radiation.4

Ways of producing electromagnetic vaves are greatly varied. Waves rang-

ing from radliovaves to infra-red light can be obtained by purely electrical methods

(using oscillating circuits).

But over most of the infra-red region the wavelengths are too small to be

generated by electric oscillating circuits, and the principal infra-red spectrum

is obtained by radiation from heated bodies. Hence infra-red radiation is termed

heat. It occupies the region of the spectrum starting roughly at 0.76 micronsII

and ending at several hundred microns~between the red section of the visible

spectrum and the ultra-short radiowaves. When the temperature of a heated body is

raised, the radiation becomes visible. Fig. 144 shoms that out of the vholn of the

e lectrw-gneLtic •pect Lrwi Uie area ocu.pied by visible Tight is very small. It in

the electroaginetic waveband lying between 0.11 and 0.76 microns.

Fie. 44. Overall electromagnetic spectram: A) AC generator radiation; B) radio

broadcasting; C) short radio waves; D) ultra-short radiawaves; E) infra-

red light; F) visible light; G) ultra-violet 'light; H) x-ray; I) gu ray;

K) cosmic rays.
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Ml e li•t produced by an electric arc or by quarts or mercury lmas

!ca1:Lbo-h vis•le m& ultra-violat rays. M.e later orwrlsp vitb x-raev.

C X-rays are obtained by x-ray tubes ihen targets malde of heavy elments

(tungsten, molybdeani) are bcmbardec. by electrons moving at high velocities.

OeGam rays are emitted by atomic nuclei during nuclear reactions. Cosmic

rays are also engendered by processes occurring In atomic nuclei. Waves of the

same length can be prodluced by a large number of.different methods. For example,

gamma rays, as is vell 1mown, are emitted by atomic nuclei, but electromaonetic

radiation of the same vavelength may be obtained, in x-ray tubes.

An increase in the velocity of the bombarding electrons leads to a higher

S~frequency (lom~er vavelengthh), and the x-rays change to game, rays. Here is anotherI -L
example: ultra-violet radiation with a wavelength 10 cm occurs during a gas

* dischnxge. The same radiation may be obtained in an x-ray tube.

It should be pointed, out that the radiation of the same vavelength, bnut

leriveff by dif..f.cr.nt .. thodc cxhlbito the Otsre pizopertleu, urinchv thewy are all the

same in nature - electroniagneic waves. The properties of radiation Ewe determined

not by tie method used to produce it, but by Qhe vfivelentiL•s Olong (frequency).

Laws Loverning radiation of luminous region of nuclear explosion. * e T

light sources emitting luminous energy due to an extensive rise in temperature are

termed temperature sources.

The concept of an absolutely black body has been introduced to establish

the laws governing temperature sources. An absolutely black body is one which

entirely absorbs all incident luminous radiation, no matter what the vavelength.

There are no bodies in nature possessing this absorptive capacity. A model of an

absoli*ly black body has nevertheless been constructed for study of properties of

temperature sources. The model is a hollov sphere or hollow cylinder with a small

opening and the inside surface is coated with black. Any ray entering this body

through the small hole will not emerge before it has undergone numerous reflections.

Let us t•ssume that the absorptivity of the inside surface is 90%. During the very
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first raef lection the ref lected flux is 10% of the inci4r. fluxu. uing tle seconAd

reflection it vill be 1% of the incident flux, az4 ftring the next reflection 0.1$.

C If the ray of light emerges after the third reflection, the total

absorptivity (ratio of absorbed luminous flux to incident flux) is 0.99, that is

to say, close to unity. The nearest approach to an absolutely black body is R

platinum soot or bismuth black, the absorption power of vhich is about 98%.

Thus, vhen the beam o f light enters the hole, virtually all the luminous

energy stays inside the cylinder (does not come outside) on account of multiple

reflection from the inside walls. Fr-om the practical. point of view, this model

may be termed ans absolutely black body vhich entirely absorbs all incident rays.

A body of this kind does not only possess the maximum absorptive capacity, A

compared with other bodies, but also the maximum emissivity.

If the inside walls of this model are made white hot by an electric

c urrent or some other method, the hole vill shine with the greatest brightness

* possible at this temperature on account of multiple reflection inqlde the ho!lov ,

body.
r

Theoretical and experimental i-nvestig1tion have shown that at any set

temperature an absolutely black body emits the greatest quantity of ltminouw energy

compared with any other temperature radiators. The radiation of an absolutely

black body, is, therefore, the limit which is approached to sBne degree by other,

less perfect temperature sources.
SMny incandescent bodies, including gases, also possess considerableI

absorption capacity. It has been established by numerous experiments thatýthe

same laws hold for sunlight as for radiation of black bodies

The lminous region of the atomic explosion is also a temperature source.

As has been pointed out, in an atomic explosion, the sources of luminous

radiation are (as in the case of the sun)incandescent vapors and gases. Hence, we
;_ ,. can assume with R•,NAaccuracy for practical purposes that the l inous region

of the atomic explosion emits light like an absolutely black body. 'et us not
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cmeider the lav coauider tie lava governing radiation fron tm boes. The

lave include the following:

3 1) the intenaity of the L.... ious radiation IA is the amount of luminoum

energy emitted from one square centimeter of surface of an absolutely black bod~y

per second and is proportional to the fourth pover of its absolute teverature T K1.

This law which is known as the Stefan-Boltzmann lav is exprer.sed mathematically in

the following way

Igo4 cal/cm2 . sec

vhere T is the constant equal to 1.17. 10 cal/cm'. sec. deg ;

T is the absolute tempwture of the radiating surface in *K.

This law shows the exceptionally strong effect of the temperature of the

body surface on its pover to radiate luminous energy. When the temperatu-re of the

s urface is raised by a factor of 2, the intensity is increased 16 times, vhen the

temperature is trebled, the intensity is increased by a factor of 81, and so on. _

The total amount of luminous energy radiatid by a body from its entire

surface during the time It t luminous t, is determined by the following equation

(provir.ed the sive of the body and the temperature of its surface do not vary vith

the time it is luminous)

Eraa= o74 t4 .

F is usually measured in calories.

2) 'Me spectral intensity of radiation I is the amount of luminous

energy in calories radiated from 1 cmx of body surface per sec over the range of

wavelengths from k to (k+ 1) micron and is determined by Plank's equation&

, C cal/cm2 
* sec . micron

where X is the wavelength in microns;
@

T is the temperature of the body surface in K;

•Care constants equal to

8.85 10 cal. micron /cm sec
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It follows from Planck's fw &la that for an absoluely bULck bOdy the

r spectral cmposition of the radiation is only a fumction of the body teMperatzre.

Fig. 45 shows curves for the spectral intensity of radiation I X calculated from

Planck's formula for different surface temperatures of kn absolutely black body.

44 oll

4 Wave S enten m'icons

Fig. 45. Graphs showing variation in spectral intensity of radiation for

diffnrent t*memrnAtires of siixface (,f an absolutely b]•.rk body,

It can be seen from these graphs that the. higher the temperature of the

body, the Greater the intensity of :radiation in each sector of the spectrum and

therefore, t!he greater the total. radiation energy. Furthermore, it follows from

the graphs that vhen the temperature is raised, the Greatest spectral intensity

(the maximu~m on each curve) shifts towards the shorter wavelength. This effect

has been termed Wien's displacement lav.

3) In accordance vith the displacement lav, the wavelength at vhich

the intensity of radiation is greatest is a function of the absolute temperature

in the following vay

The absolute temperature T is reckoned on the so-called Kelvin scale wL

I0

starting a'. absolute zero at t =-273eC and is designated T K. The conversion of

centigrade (C) to absolute toemperature (K) is made by the equation T K = (t+273"C).

f+For example: 6000"K= 5727 + 2730C.
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We get the folloving values of X (in microns ) for different temperatures

2000° tO00° 8000° 10 0000 20 0000 50 0000
1,44 0,48 0,36 0,29 0,14 0,058

The color of the radiation also varies with the shift of the maximu on

the radiation curve - from red at low tempmtureR to white at higher temperatures.

The following pattern can be established for the radiation of luminous

energy by hot bodies on the basis of study of energy distribution in the spectrum

at different temperatures.

Bodies radiate energy at any temperature. At lower temperatures they

mainly radiate infra-red light, which corresponds to very long wavelengths; and the

total amount of energy is smal 1. When the temperature is raised, rays

corresponding to shorter vavelengths are added, the total amount of energy is

Increased an(T the energy maximum shifto towards the shorter waves. It is only At

temperatures slightly above 500w, with an overall increase in the amoint of

radiated energy, that the first visible rays (red) become so intensive that they

begin to stimulAte the eye. Finally, at temperatures above 10000 we find violet
rays, the vhole of the visible spectrum now appears, there is then white heat and

we then detect ultra-violet light.

P As can be seen from the curves in Fig. 45, emissi on in the visible region

H only constitutes a small part of the total energy radiated by the luminous body.

[ Generally speaking, the relatively greatest visible radiation (approximately

45%) occurs at a temperature of 670C'K. When the temperature is raised above this

point, there is a considerable increase in the intensity of the ultra-violet light

and the proportion of visible light in the total radiation begins to fall again.

We considered above lava governing radiation from an absolutely black body.

However, in order to make a quantitative assessment of the source of light radiation

7 in an atomic explosion on the basis of these laws, we have to know the temperature,

radius and glowing time of the luninous region of the atomic explosion.
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As pointed out above, vhen an atoic charge is eloamd i the air, a

lv eJUS yegicn shaped llm a sphere is formed and acquire. a jamter ~u to•so -

Sh=&nde4 meters or mwe with time, according to the caiber of the nuclear chrge.

As the region increases, the temperature of its surface falls. The approximte

variation in tb rature and radius of a fireball vith time in the case of a charge

with a 7T equivalent of 20,000 tons is shovn in Fig. 46. The time in seconds is

plotted along the horizontal axis, and along the vertical axis we have, on the

right the radius of the fireball in meters, and on the left its temperature of

the surface. It is clear from this graph that about one hundredth of a second

after the explosion, the temperature of the surface of the fireball drops to

2000*K. After that it increases again, and after 0.2 - 0.3 seconds is approximately

8000*K, after which it slowly drops again. In order to explain this variation in

temperature, let us consider in greater detail the process of formation and

development of the fireball.

Ica

WWI 0 _0 014 t

Time iff-sec

Fig. 46. Variation in temperature (1) and radius (2) of a fireball vith time.

As has already been pointed out, when a nuclear charge explodes, the

At
tempeAture at the point of explosions attains millions of degrees.t/tis fantastic

tempenture, the part of the ch-irge which has not had time to split, the casing and

all the other parts of the boab are evaporated. The temperature of the vapor is

"* also extremely high. It emits rvdiation vith a spectrum covering a wide vaveband
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strtching fro loDgWve. infra-re& ligut throui the visIbl3 s ulr-vilet

•ti'- -t x-ras, ' t bulk of ',% radation coU tsl u- ft x-rW 1hi--

are absorbed by the air layers directly adjacent to the bomb, causing the air to

become vhite hot. A ir begins to glov (given the psence of nitric oxides an& other

impurities formed during the explosion) as soon as its tqera•-tre reaches about

20000K. When the temperature is raised further, the air itself begins to radiate,!I
the radiation being absorbed. by the cooler air layers.

At a temperature of 30,000°, for example, air begins to emit radiation

which is mainly absorbed. by the cool air layers. Hence the radiation emitted by

the incandescent explosion products excessively heats up more and more layers of

air. Tis process takes place so quickly that in several microseconds a luminous

� area in taxe shape of a ball is formed at the point of the explosion, the ball

c onsis.'.ng of the incandescent explosion products and. air. The molecules of these

s*s•i•oe" mre split up into atoms, and the atoms are ionized. After 0.0001 soc

(,Lit faaLUiu (Jf th[e fioa- 1c Ulbout4 ll m, an( th tcO,-atc-f i~ts Suracc i-

about 300,0000 K. The tempwature is almost the same at all points insidie the

fireball, ri~at up to the outside surface, since the energy my spread very

quickly between any two points inside the sphere. A ball with the same temperature

at all points is called a hanothermal ball. The gas pressure at the surface

differs sharply from the pressure and density of the surrounding air. Ihis makes

the fireball expand at a velocity sliGhtly greater than the speed of sound (3•o

m/sec) compressing the adjacent !air. The compression of the first air layer is

transmitted to the second and th t is the beginning of the air shockwave.

At the initial moment of fo r nation of the fireball the rate at vhich

the layers of air heat up and. the velocity of the shockwave front are equal, so

* that the wave front coincides vith the surface of the homothermal ball. When

the temperature of the surface has dropped to 300,000K, the velocity of the wave

front is greater than the rate of heat-up of the air layers. The shockwave front

moves in front of the hamothermal ball surface But the temperature at the shock-

* wave front dcue to compression, although lower than the temperature in the homothermal
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zegLia is no theleus uvafc1ent for the air to becane incea&eeet.

A simpLified explanation of this effect is as folimm:

Because of the high tern perature of the fireball, most of the radiation

t (about 70%) occurs in the ultra-violet spectrum, in Vhbch the vavelengthe are lens s

than 0.186 microns. This radiation is greatly absorbed by the air, since the mean

free path of a photon is 0.01 cm or less. I

As an average each photon moves at the speed of light over a distance

equal to the mean free path. It is then absorbed by an atom, molecule or gs ion,

usuDay nitrogen or oxygen, present in the air, which are then tranoformsib i#Tr the

excited state. When the atcms return to the normal state, they radiate a new
I

photon. This photon continues to move at random at the sp eed of lighttbut is then

captured by an atom or molecule of air, after vhich it emits a photon, and so on.

On accomt of the lov mean free path of radiation with Vavelengths less

UiaLi 3.106 inkrons, au well as the alternation of absorption and emission, the

total rate of transfer of the radiation is relatively low. That is why the shock-

wave front spreads more rapidly than the isothermal sphere

It should be kept in mind that this slov transfer only relates to very

short wave radiation (less than 0.186 microns). Rays from the neighboring ultra-

violet and visible infra-red bands on the spectrum move great distances avay from

the fireball at the speed of light.
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S3, a&tta about O.0001 sec the homotherml bel is surroumdeL by a

SIncreasing laye o luminous, 1eoiga loss I ament, ar f IbT

*hoc1 e ve front. On accoumt of the fact that the shockwave front is luminous, it

is not only a source of Light radiation, but also strongly obserbs the radiation

passing through it, in other words it acts as a kind of screen filtering some of the j
energy from the hotter hmothermal ball. This is also aided by the nitric

oxides formed at the wave front when the air heats up to a high temperature. For

example, several foreign sources point out that when an atomic bomb with a •T N

equivalent of 20,000 tons i' explode&, about 100 tons of mitrogen dioxide is formed

(a brown gas). Nitric oxides are opaque to visible rays.

As the shockwave front spreads, the pressure and temperature in it drop

anti the moment eventually arrives when the pressure and temperature drop so low

that the air stops gloving. This takes about 0.01 sec and is represented by the

minimum on the curve in Fig. 46, that is to vaya temperat ure at the front of

2000eK. The interval between the explosion and thP moment of time 0.01 zec is

termed the fIu L period of development of the fireball. What happens next, when

the shockwave front stops being luminous? At thbt moment there begins the second

stage of development of the luminous region. Since the air at the front of the

ahockwave cannot now radiate or absorb radiation, it gradually becomes transparent.

The front of the shockwave therefore ceases to be a screen for the radiation from

ithe inner, hotter middle region (of the ball), which now becomes visible and

attains a radius of about 100 m. The temperature of the surface of the fireball,

having obtained the minimum, begins t o reascend until it reaches the temperature

of the homothermal ball. This leads in time to the formation of a maximum in the

tempature of the v.diating surface e qual to 7000-8000*K. Having attained this

point, the temperature of the surface of the luminous region at about 0.2 - 0.3 sec

begins to drop again on account of energy lose on radiation and cooling the

7• incandescent gases from the fireball through expansion. At this second stage of

development of the fireball its size increases through gas dynamic expansion.

Approxiniately one second after the beginning of the explosion, the temperature of



f irelcaU bM d2Vpp.4 to 5000"K Vhile its size is almost M&imis: Its radius is about

The fireball continues to incandeas for about 3 &econdms. By this time its

radius haa attained 200 m or more. (all these data refer to a charge with a ONT

equivalent of 20,000 tons).

When charges of greater caliber are exploded in the air, including hydrogen

bombs, there is also a luminous regi m in the form of a ball, but its size and the

glow time are greater than for an atomic bomb with a MT equivalent of 20,000 tons.

The form of curves showing the fireball tempenture and size are similar to those

in Fig. 46, but the time scale is different.

The following relationship between the diameter of the fireball and the I
TNT equivalent of the nuclear charge has been quoted in foreign literature1 , Table

13.
"Dimensions of fireball as funr-t-on of 21T equi-alcnt of nuclear charge

TNT cquivalent, Louts I TbZC. 20 T-,C. II MAH. 5 MAN. 10 MAR

Diameter of fireball, m 110 360 1770 3120 4260

As follows from this table, it can be assumed for rough calculations that

the radius and glow time of the fireball are proportional to the cubic root of the

TNT equivalent of the charge. Consequently, if we know the maximum radius (let us

assume for the sake of simplicity that it is 200 m) and the glow time (3 sec) for

an atomic bomb with a MT equivalent of 20,000 tons, we can find the radius and

glov time of igjfireball e an atomic bomb of any other caliber. Let us calculate,

for example, these values for a bcmb five times more powerful, possessing a TNT

equivalent of 100,000 tons. Taking the cubic root of the ratio of the TNT

equivalenrs (j5), we get 1.71. By increasing the radius and glow time of a

fireball from a bomb vith a 20,000 ton equivalence by this number of times, we

find the radius and glow time for a bomb five times more powerful (100,000 tons).
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I fir.11 boaft 4.e to 50000K *±ile its size in abnoet mxIMia: its x*4UiG in about

10 a.

Mie fireball continues to incardeus for about 3 deconda. By this time its

radius has attained 200 m or more- (all these "ata refer to a charge vith a •IT

equivalent of 20,000 tons).

When charges of greater caliber are exploded in the air, including hydrogn

bombs, there is also a luminous regi a in the form of a ball, but its size and the

glow time are greater than for an atomic bomb with a TNT equivalent of 20,000 tons.

I The form of curves showing the fireball tempeature and size are similar to those

in Fig. 46, but the time scale is different.

The following relationship between the diameter of the fireball and the

TNT equivalent of the nuclear charge has been quoted in foreign literaturez, Table

3.
I •

A Tab le 3.

Dimensions of fireball as function of MIT equi•alent of nu~leav' hulrge

TNT equiv•L•aft, LonI ThC. 20 TUC. I MAH. 5 MA,. 10 MAH.

Diamcter of fireball, m 10 30 17 10 46

As follows from this table, it can be assumed for rough calculations that

the radius and glow time of the fireball are proportional to the cubic root of the

MNT equivalent of the charge. Consequently, if we know the maximum radius (let us

assume for the sake of simplicity that it is 200 m) and the glow time (3 sec) for

an atomic bomb with a MNT equivalent of 20,000 tons, we can find the radius and

glow time of'srfireball oj an atomic bomb of any other caliber. Let us calculate,

for example, these values for a bclmb five times more powerful, possessing a TNT

equivalent of 100,000 tons. Taking the cubic root of the ratio of the ONT

equivalents (-5), we get 1.71. By increasing the radius and glow time of a

fireball from a bomb with a 20,000 ton equivalence by this number of times, we

find the radius and glow time for a bomb five times more powerful (100,000 tons).



ThW are equl: t ri~ad~ is about 340 a WA the glov time aPPrOxi.ately 5 mm.

"Tmhus, juriuj atomic an& hydrogen explosions the scume a litt *•.aation

tis the lumi.nous sphere shape& like a ball Che1in~e!e) v±±ai a surfa~ce temperature

varying with time. The size of the ball also varies with time, and its maximum

depends on the M¶T equivalent.

Let us now dtermine the total energy radiated by the fireball into

surrounding space.

Total energy radiated by a fireball. It is not difficult to make a

quantitative assessment of the raoiation from any luminous body obeying the laws

governing the radiation of an absolutely black body provided we know the temperature j
and size of the surface of the body, as well as the gloving time. It is especially

easy to do this if +le temperature AD . size of the surface remain unchanged

while emitting light. 4

Tle total energy radiated by the fireball is then the product of the

Intensity of radiation and the area of the ball surface plus the gloaw time. In

this case, however, both change with time after the explonion. Here the calculation

can be made by two methods. *AUrler t he first method we assune the size and

temperature of the fireball to be mean constants; the total. energy is thenf found

in the way we have just mentioned. In the second method the calculation is made

for separate short intervals of time, over which the temperature and area of the

surface can be considered constant. To determine the total. energy radiated by the

fireball over the total time we a&d the radiation energies found for separate time

Intervals.

As an illustration let us calculate the total energy radiated by a fire-

ball during the explosion of an nuclear charge vith a TNT equivalent of 20,000 tons

using the second method. On the _asis of the graphs showing the variation in

j temperature and radius of the fireball vith time in Fig. 46, and using the first

lav of radiation from an absolutely black body, we can plot a curve for the luminous

energy radiated by the entire surface in time. The curve is shown in Fig. 47.
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incandescent. In the case of the eyplosion of an atomic bomb with a TNT equi-

valent of 20,000 tons this amount of energy is about 7 billion kilocalories, that

is to Bay slightly more than 1•3 of the total energy released during the explo-

Sion. Furthermore, on the basis of' this curve ve can easily calculate the amount

of energy radiated by the fireball at any moment of time t. To do this we have

to calculate the area beneath the curve In the segment along the time axis from

zerort to the given moment t. This calculation enables us to find. out what

percentage of tbe given energy is 14-kcitecl by the given moment, as well as the

Stime over which th basic luminous energy is radiated by t he firebe.1a; we itisve

to inoc this in order to organize anti-atomic defense properly.

U. 51010 - - - - - - -

QJJ

4,0 r

4)

0,2 0,4 0,11 %6 1.0 1.2 &41, # ~
Tinfe -ina see.

Fig. 47. Variatim in energy radiated by total surface of fireball tith time.

The ealcelatihs terried out in this way (on the basis of the curve in

Fig. 4eo 7) are show i n Fig. 48. TIey enable us to ascertain the following iam-

portant conclusicias:

3.) Dlespite the fact that at the first moment of time after the explo-

Sio n (up to t =0.01 sec is considered the first staGe of development of the

fireball) the temperatnge of the surface in very high, - tile the proportion of

luminous energi radiated over this time vith respect to the total amount of

Sto kno this i order o organze ant-127- eesepopry
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lumbous energy radiate& over the viiole period. of Ine seetneek is =al a

aacts • 'o apprezon ly 1f. M31s is due to the b•evity of the first s"U 4

ftvaopment of the fireball.

2) Practically all the luminotw energy during a nuclear explosion is

radiated by the fireball at the next (second) stage of development, an& in the

case of intermediate bombs the bulk (80 - 85%) of this eergy is radiated dClring

the first second efter the explosion, vhile the remainder (PO - 15%) is radiated

within 1 to 3 seconds or- the explosion.

S ~INV

U7

'-4

hao

1 2 3

Time in nec

7-ig. hB. 'Proportion of luminous energy de-excited by different moments of

time during explosion of a bomb with TNT equivalent of 20,000 tons.

Luminous radiation snectrum during nuclear explosion, It was established

in the preceeding section tbht prncttcally all (994) of the luminous energy in an

atcrnic explosion is radiated between t= 0.01 sec and t- 3 sec after the explosion,

and 80 - 85% is radiated between t = 0.01 sec and t - 1 sec after the explosion.

On the basis of the graph shown in Fig. V6 ve can easily find out the temperature

of the surface of the fireball during this period. Me temperatures range from

2000*K to 7000 - 8000K. But if ve know the temperature of the surface of the

ball, then vex can use Planck's formula to determine the energy distribution over

the spectrum.

Fig. 49 shows the distribution of luminous energy over the spectrum at

temperatures 20000, 60000 and 8000*K.
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Fig. 49. Distribution of energy over spectrut for different temperatres

of fireball surface.

In these diagrams the horizontal axis shows the wavelengths in microns

and the vertical axis the amount of luminous energy emitted per second by 1 sq.

centimeter of surface (calculated per unit: scale for vavelengths, that is to say

per one micron) i.e., the spectral intensity of radiation I The area bounded

by the horizontal axis and the curve shows the amount of luminous energy radiated

per second by one square centimeter of surface of firbball - the intensity of

rad iation I.

T he curves suggest the following: the higher the temperature of the

fireball surface, the greater the amount of luminous energy radiated in the ultra-

violet region. As an illustration Table 4 shows the ratio (calculated from Fig. 49 )

between the energies of different parts of the light spectrum at different tem-

peratures of the surface of the wall.
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Dintributica of 1rimm OFd &9 Tn&doivý'c surface tempeiestire

of f irebafll
* Ult2wVi.olt -4

radlation I ~i~dbm-dr

200 Noue 24/v 98,1
4000. 2%/e 281/o 701/°
6000 13o/% 484/, 42o/,
8000 32o/o 430/s 28./,

It can be seen from the table that all three areas of the luminous

spectrum are present in the spectrum for the luminous radiation of a fireball

during an atomic explosion. But if it is taken into accoumt that the temperature

of the surface when the bulk of the luminous radiation (80 - 85%) is emitted into

the surrounding medium is not greater than 8000 0 K, the spectrum contains mainly t
j

visible and infra-red radiation.

But which regions of the spectrum are contained in the radiation from

a fireball during the first maente ofter the ervlovion (first stage cf levelop-

ment) uhen the .. r.f.cc t.n.arture i6 mIaburel in tens or even hundrds of

thousands of degrees? If we plot distribution cwnves on the basis of wavelength

for these temperatures, in the same may as was done in Fig. 49, it is found that

the bulk of the radiation falls 7o the lot of ultra-violet light, and this is
ultra-violet livlit with muwh log vg elengthn (ls than 0.106 (wlcruizsi ; hu ti

is totally absorbed by the air round about. For example, even at a surface
temperature in the luminous region of 30,O00K, the amount of energy in these A

rays comprises about 70%, thile the remaining 50% is converted into ultra-violet

light(with vavelength greater than 0.186 microns) and the visible region of the

spectrum. Beginning at the surface temperature of 50,O000K or mcre, almost all

the radiation is longer in wavelength than 0.186 microns, that is to say it is

Spractically all absorbed by the air. Mhe remaining regians of the spectrum only

get a small share, and the higher the temperature of the surface, the smaller this

share is. Thus, a~t the first stage of development of the fireball, all the

radiation is ultra-violet light absorbed by the air.
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At the ad of on se om after te expIosuic of an intere&ae nuclem

cl•;•, the firdball in erill mitting about 15 - 20% of tota I Ii

S Bite the temerature of the surface of the ball does not exceed 5000*K dnring

this time, the bulk of the luminous energy falls in the infra-re& regio of the

spectrum.

Taus, at the earlier (first) stage of development of the luminous region,

the shortwave ultra-violet portion of the luminous energy may predominate in the

spectrum, but in magnitude it cannot exceed 1% of the total luminous energy

emitted. Conversely, the bulk of the luminous energy from a nuclear explosioni

is radiated at the late-R (second) stage and the visible and infra-red regions

of the spectrum now predominate. It should be/ointed out that as an average

the luminous radiation spectrum produced by an atomic explosion is remInescent

of the solar spectrum.

2LiUght pulses

The basic characteristic of the destructve nf'cf of 0-1'h nom-s redia-

tion from a mnclear explo[lon is the amcnnt of luminous energy incident on one

square centimeter of illuminated surface perpendicular to the direction of

radiation over the entire~p.reiod of incandescence of the fireball. This amount

of luminous energy is known as the liht pulse. The magnitude of the light pulse

depends:

a) on the amount of luminous energy radiated by the fireball during the

entire period of incandescence FE; since the luminous radiation is a definite

part (1/3) of the total energy released during an atomic explosion, the magnitude

of the light impulse is thierefore dependent on the caliber of the bomb;

b) on the distance between the illuminated surface and the center of

the nuclear explosion;

c) on the state of the atmosphere at the moment of explosion;

d) on the type of explosion (ground-level or in the air). The luminous

radiation from the luminous region spreads in a straight line. If ve describe a
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circle vith "Alus a aroum& the minus region of an aer•l ateu elegien,

the wargy rsd~iate& by this ragon ftr~ougAout the incan~eseqt -wio& prviing.

the energy is not veakemne in the atmosphere, will pass entirely ihroud the

surface of the circle vhich is

S 4=WR' cm2

Mhis means that the energy per 1 cm of this surface is

U= --- calcm2
4wR2

This amount of energy is conventionally termed the light pulse.

9he light pulse in this case is expressed in calories per sqare

centimeter.

As can be seen from the equation, the light pulse is i•versely pro-

portional to the square of the distance from the center of the explosion, if the

atmosphereis fairly transparent. As the distance is doubled, the pulse is re-

duced by a factor of four through expausion of the luminous flux, and if the

distance is trebledl, it iri reduced nine timeG.

If *Ule atmosphere did not veaken the lxhninous radia l.on (while the

latter lmssed through it), calculation of the light pulse at any distance frani

the center of the explosion vould be extremely simple. Let us assume that we

want to find out the light pulse for an atomic bomb vith a TNT equivalent of

20,000 tons at distances of 1, 2 and 3 kin. To find the pulses at these distances,

we substitute into the light pulse equation, instead of the energy, the value

ItO
7" 10 cal, and instead, of the square of the distance, the figu-res 10 4 6 10

9 10 , successively (the squares of the distances in cm). Then we get the

following values for the light pulses: 56 cal/cm' at 1 km; 14 cal/cm• at 2 km;

6.2 ca!/c=' at 3 km. These are what the light pulses would be, were not the

luminous energy weakened by the atmosphere. In practice, however, the energy

is AL4WAys weakened to some degree or other as it passes thrmgh the atmosphere.

Let us consider this case in greater detail.
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3 We::, alm &'wgggrdato u Iing r~esK

TheS~sou laersurroundng th earth is called týie amshrI

rogn, xygnargon and. carbon di~oxide), but vith a varying quantity of diffrernt

imnpurities, Among these are vater (in the liquiid or solid state) dust, smoke,

soot andl gases from industrial plants. 2he amount of impurity in the atuosphere,

patticularly in the layer of air ad~joining the earth, depends on the locality.,

season and the dlay. For example, mist is usually found, in coastal regicns and

over large reservoirs. Dust lIs usually .found in the desert during

the dry season. There is a great 6eal of smoke, soot anddust in nearby

Ind~ustrial plant-s.

The yresenceof these Impurities in the atieosphere iieakens the light

radiation as it yeses th viough iL.

What dAoes the weakening of the luminous radiation mean? As it passes

throuot the atmosphere it is t artii lnly scatt.rea and iarti-aliy nboetbed.

The scetter Is the vari:ation in rectilinear ditrection of 41e light

by particules present in the atmosphere. These inrticles are molecules of gases

making up the air, mist drops, dust payrticles, and so forth.

Scatter is a very complex effect. As the li.t ray meets a particle

in its her th, it In reflected from it, aLrikes another article and • i reflected

a second time. The doubly reflected ray then hits a nes particle and is reflected

a Uatrd time, and so on and so on.

Motorists are ell acquainted vith scatter; rhen a car vith its head-

lights on drives through mist the beams of light losei

their drirection on account of scatter caused by the little drops of water and

becmine broader. i, the mist is fairly thick, the driver sees a dazzling patch

of LI6H? Instead of a beam.

The Greater the dust, smoke and oater content of ihe air, the greater
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scatter tbere is.

Mie effect cf scatter Imoses cerain obli:ptios M the isni-tlltione

"u$ea for protection from an atomic explosion.

For exmple, trenches mist have covered areas, since people in open

trenches may be injured by the scattered luminous radiation. Furthermore, the

scattered luminous radiation causes temporary blindness, even if the victims are

not looking in the direction of the explosion.

Apart from scatter, luminous radiation is also absorbed by particles

of dut, wiater vapor, oxygen molecules, carbon dioxide and ozone when it passes

throug the atmosphere. The absorbed luminous energy changes into heat and

varms up the air. Many absorption bands in different parts of the spectrum due

to the passage of luminous radiation through the atmosphere are knows. This

suggests the following:

a) Ultre-vrto.et r,-61stior 1tih vivelength lees than (•.1% microne is

totally absorbed. by tWe oxygen in the air (the oxygen only neeCds to be 1 ri tiiick).I Consequently, there are no ultra-violet rays vith vevelengths less than

0.186 microns in the !lminous radiation spectrum from a nuclear explosion.

Sb) Ultra-violet .adicatian with a wavelength less than 0.29 microns is

Sstrongly absorbed by ozone (triatomi.c oxygen - 03). For example, there is no

Sultra-violet radiation with a wavelength less than 0.29 microns in the solar

spectrum at the surface of the earth, since it is totally absorbed by the ozone

in the upper layers of the atmosphere. This produces a rsrticularly warm layer

t in the atmosphere (accordg to certain data, temperatvre is about 4,35") at heights

of 40 - 55 1k, where the ultra-violet light begins to enter the ozone layer.

Let us take a brief look at the question, to what degree is the luminous

"radiation from the explosion absorbed by ozone?

It can be said for certain that very little light radiation from the
atomic explos!o is absorbed by the atmospheric ozone. But during an atomic

explosion a large amount of ozone is created by the ffect of gamma rays, x-rays
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la&d ultI-Vio)l.t 1W o te Cye In tt air (~ewlengtbme M%" frM. 0.3

to- O0r17-5 viowes). 'When thee rays set on a %oleca3* of (zge. itý gpitg Up, -

C into oxygen atoms vhich cib ine vith other ocygen molecules an& fom ozone. Mae

ozone is partially &estroyed by the high temperature. It is prtially spent on

oxidizing the organic matter Vhich is alvays present in the atmosphere in the form

of dust (a particularly large amount is thrown up by an atomic explosion), and is

partially destroyed by collision with oxygen atoms. A great deal of the ozone

goes into absorption of the ultra-violet raiation vith velengths less than 0.2

microns. Absorption bands due to ozone are also observed in the infra-red region

of the spectrum. For the moment there is no definitive data on the absorption of

ultra-violet light from an atomic explosion by ozone. ForeiGi literature contains

only fra~nentary information1), according to •,hich measurements at distances

greeter than 9 - !6 Imi from the center of the atomic explosion reveal no sign at

all of radiation with aveleQngths less than 0.3 microns . This is confirmed by

ex.Pe.1iments (describedl in fore'i 1itepvastur) vith an•.i•B_ irrafli!ted durirZ an

* n1-t.aic explosion through filters eliminating the entire spectr'.mi except for ultra-

violet light. No L3.I(.S were caused throgh the ultra-violet rays. It ,mn,

established by these results that burns obtained throuWgh filters i.ich only allow

through visible or only infra-red light were no different in intensity (all other

things being equal), although in certain ~ses burns due to visible light vere

more serious. Tis means that in an atomic explosion the harmful effect of

luminous radiation is basically due to visible and infra-red rays.

c) There are many absorption bands in the infra-red region which are

basically due twater vapor and carbon dioxide.

In order to make allowance for the veakening of the light radiation

(uring its passage through the atmosphere, we add a correction multiple R--

to the equation for the light pulse; this multiple takes into account weakening

"The rffects nf A toiric Wsepcns", New York-London, 1950.
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ov the pat RMt) Rw. is the dietam. qe leieim teiuitn e ' or * 1=ft*=

Se".LOien' the Tdnt at Mhii± the ra tlatm is zmenavr, a& -th---ai .....

the 1 n region. If R and r are eryressed in kilometere, the final eqution

for calculating the light pulse at a distance R from the center of the explosion,

makirg allovance for vee.kening of the light radiation by the atmosphere, is

4w.I01o.R "

wihere E is the total luminous radiation energy In calories;

R is the distance betwieen the center of the explosion in kilometers;

r is the mean radius of the lxiinous region in kilometers;

k is the mean weakening factor of the radiation for the entire wave

band with the dimensictality 1/le;

e is the natural logari'bm bae equal to roughly 2.72;

UC 3.1.4

The equation can be simplified for Iractical purposes. Taking it into

account that 1/3 of the explosion energy is spent on luminous radiation, the

equatiao ror the liLhit pulse taImr, the form

Vhere q is the TNT equivalent of the explosion in tons;

R is the distance from the center of the explosion in kilometers.

The other quantities nre the same as before.

The weakening (attenuation) factor for the e~fect of tha atmosphere on

the luminous radiation has been studied for a narrov beam of rays (for when the

ray leaving the beam through scatter does not go back to itý. But during an

(aerial) atomic explosion luminous radiation is enitted frfm the luminous region

in all directions, that is to say at a solid angle of 4 XC, vhich embraces most

of the narrow beams of li&Ait rays. In this case the scattered portion of radia-

tion from one bean of light is augmented by the scatter from another beam.

If the atomic explosion occurs in a homogeneous medium (one with uni-

forr,, ensity), all the photons emitted by the luminous region, vith the exception

-136-



of those abso~ted, by the meft=u, vill pass thou a spbee CC arzbitrS77 r"I.Vei

4 _ebed , around the cente of the explosion. * Vftkni:ng af thA •m•mt • a

raAiation will then be determine& solely by absorption.

In actual fact, the point of explosion is not surround~ed by a homo-

geneoui atmosphere; the concentration of scattering centers above thim point

decreases, as a rule, vith the increase in altitude. Furthermore, the atmosphere

is limited belov by the surface of the earth. We are more interested in the
L!

veakening of the radiant energy in a horizontal direction. The reduction in

concentration of the scatter centers vith altitude suggests that the atmosphere

is more transparent vertically than horizontally. A luminous flux spreading I
horizontally passes thvugh a denser mediun than when travelling vertically• and=

therefore loses mOIRE Scit7?I-.,'than it acquires. Furth-ermore, a great deal of

radiant energy striking the ground is absorbec. Thus, scatter also leads to

attenuation of a luminous flux. The luminous radiation spreading horizontally

from the luminous region iu decreased through scatter in an upward direction and

through absorption by '.Le eartil.

Thiis is a brief qualitative picture of the weakening of the luninous

radiation from an atomic explosion uhen it passes through the atmnoqere.

a A quantitative assessment of this effect mhen luminous radiationI

I'passes through the a•nsaphere is extremely complicated. A rough evaluvition ofI
the attenuation factor for the lmwinous radiation from a nuclear explosion k for

different states of the atmosphere maybe made, according to the foreign press,

on the basis of the graph shown in Fig. 50. The state of the atmosphere is usually

described by the meteorological visibility, which is taken to mean the maximum

Sdistance at which large dark objects, such as trees, d L , buildings,

etc., can be made out in the daytime against the skyline.

It is not difficult to see from the graph that the attenuation factor
: I

ranges from 2ef for exceptionally clear atmosphere to k = 21 in fog.

The visibility of a town avereges about 10 km', ani1 then k = 0.4S.
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U is tE ficalt f te um t to iay how cloae to the trut' the " in pig. 50

arey rFdlzr thu ±v it~ti -if M46& t~ velify thai.

In clear veather the absorption of lvniious radiation by the amoesphere

can be virtually disregrded. Hence if it is necessary to proeuce the greatest

radius of damage due to light redation, the enemy vill aim at using his atomic

'veapons when the visibility is good. Mhis should be taken into account vhen

organizing anti-nuclear defense.

Smoke*'creens can be used to veaken the luminous radiation and provide

protection. Smokescreens are basically intended for camouflaging the deployment

rand movements of troops and military objectives, and to Klind the enemy's artillery

sites, observation points and dislocations. As is vell known, smokescreens are

thick fogs/ Tni 'a'5nbsere by so-called smoke-producing materinls. In

an atomic explosion smokescreens can veaken luminous radiation in the same way as
I

naltral mist. Within certain limits the attenuatitm faebtr in direetly propor-

tiona! to tic conce-ntration. by vcight of smoke in mg/l o01 gAL

The proportion of energy of absorbed .ight in the total loss of

luminous energy throueh scatter and absorption is a function of the size of the

smoke Lnrticl.es, the vavelength of the light and the refractive index of the

particles.

In the case of uncolored smoke, from 10 to 30% of the total loss of

luminous energy through radiation adl absm-ption is used on absorption, but in

the case of black smoke, the figure rises to 80. It can be concluded from this

that if a smokescreen is set up, the haoiful effect of the luminous radiation can

be reduced to a certain extent.

It is pointed out in the foreign press that a thick smokescreen between
the point of the explosion and the target may reduce the light pulse by a factor

of 10, compared 'ith the pulse -which would have been prcluced 'ithout the

smokescreeen. So smokescreens can evidently weaken the effect of the luminous

radiation from a nuclear explosion.
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Lijbt rpu mini iea bzme~ radlatica1 it yak'e. b1y the mohr.Q

.... au of Ifit b" -6.6. iai& above ve can ev1aute the liet mpUes, a.t

di•fferent di•staces frem the cenere of the nuclear expIffim mn~er di•fferent

atwoperleic conditions.

! ~For an aerial explosion (altitude of explosion• 600 m) of a 9XT

equivalent of 20,000 tons, the ligt pulses calculated by the equation given in

Sthe preceeing section are shown in Fig. 51. In this graph the horizhntee axis

o htmis the istances fretirom of the nuclear explosion in kilometers,

and the vertical axis plots the light pulses in cal/cm .

Etch curve is calcultted for a certain atteenuation factor k.

oi e carves in Fig. e t ish that nte t reater k, the less the liga t pulse

for the sam e distance. For exampleo at 1.5 Ira i fro r the epicenter of a nuclear

explosion b he +1in lominous eneroc Is not seakenrd at all by the atmospni re, ther.

ligt Plse is 30 e at /cmr. ofr the laine d istance s hen detrc attenfation factor iF

it. (oi1crn), cthe lifa t pulse is 15 calp/cntr ang ihen ane atrtenuation factor

is k =2 I/m) the liGI-It pulrse is only I *I/cm'.

It is also a 4i to see that the lumiltous radiativn fronm nuclear ox-

plosion as a destructive factor in a functio c7 the stapu e of the atmosphere atin

the mo epnt of the atomic explosion. During fog, rain or snof the ceestructio n

catmed. by tli luminous -. dia-tion occur. n•t shorter distence•t thart ill Loood eather.

This is a featuare of -the luminous radiation as a destructive factor, comp-ared

vith other such factors (shockvave, penetrating rali~tion and radioactive can-

tamination) in an atomic explosion. Conversely, the radioactive contamination of

In Ule case of an. aerial explosion the lioi.t pulses at clifferent d-istances

from the epicenter of +1,e exnlosion. can be found from the same equation, provided

for R ve sitstitute H , vhere R1 is the distance from the epicenter and

H is the height of the explosion.
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Fig. 50. Attenuation factor as function of V-1 S'ký
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loc t iDistance terom eprLnen ore-., epyobeon in -S~Fig. 51. Variation in li£)t pulses with distance from epicenter of explosion

E•- for different attenuation factors dmring explosion of an atomic bomb

S•l~ha 'l•T equivallent of 20,000 tons.

I locality in an aerial explosion when there is mist, rain or snow, may be con-

siderably increased. But it must not be forgotten thatin very good weather on

open terrain during the aerial explosion of a nuclear bomb vith a 20,000 ton WlT

equivalent, the shockwsve and penetrating radiation injure people up to 2000 m

from the epicenter. The light radiation may cause burns on tncovered lsts of the

body at distances up to 4000 m.

In conclusion we should say a few words on the shape of the light pulse.

Mhe shape of the pulse is the dependence (in particular, in terras of a graph)

between tie intensity of illumination and the time. Above we quoted the lidit
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Pumbes, That in to say, ie e8mMt of eerSY inci.& ca 1 cm of boy suface2

_tpns~c'ilar to the in±4idct rays) throughut the peri±d of luminescence of

the fireball. In practice we sometimes have to know the intensity of the energy

travelling a certain distance from the center of the explosion (irtensity of

illumination). It can easily be calculated. on the basis of the curve given in

Fig. 47, and the equation for the light pulse. Mhe dependence of the intensity

of illumination on the time at 2 kilometers from the center of a nuclear ex-

plosion (shape of the pulse) for t-,1o states of the atmosphere is shown in Fig. 52.

The area contained betWeen each curve and the horizontal axis obviously shows the

light pi•le at a sat distance from the center for a given state ef the atmosphere.

Litt Wulee as function of nuclear caliber of charge. The light

pulses given above related to nuclear charges with a 20,000 ton MT equivalent.

Tae equation can easily be used to calculate the light pulses at. different

distances from the center or epicenter of a nuclear explosion for ny en ther rNT

equivalent and for any state of !he aix;Dortnh• e, .. - ..... r

ei•~ th,•: .[i•g .pu].•eu (calcula ted fr•o this equation) for diff2rent distances

from the eopicenter oU an aer-ial explosion for tvo atcomic bombs vith a TW" equiva-

lent of 20,000 and 1000,00 tons. Me pulses are calculated for three states of

the atmosphere vith attenuation factors k 0, k 0.08 and k 0.2 (i/1Mi).

I - -

,,

Time in sec
Fig. 52. Shape of light pulse at2laii from center of explosion for two states

of the atmosphere witha attenuation factors k =0 (no weakening) and

k .v

K-0
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As follWS fr0 the light Pulie equatioC, if we )mow The light y2*e

at a &istawe for a cbhrge with the T equivalent q ve caa f& te i•1&-

C t pulse U 2 at ihis dietance for the obarge with the WT equivalent q-' In a case

in which veakenlng of the luminous reAiation in the atmosphere cem be diaregarede&

the equation for the pulse U takes the form

-~us Ut~~

Table 5.
Light pulses at different distances frcm center of

aerial nuclear explosion

Distance-Urm Nuclear charge eq!uw-,g ].ar charge eTualent to
center pf e -va1•ft:O -0,900 %.' Qf 000920M...

A - - -

! 550 60 47 0 280,0 260,0 240,0

14, ,O 1-6 70.0 61,0 49,0
3 6 e2 4 e8 3.5 31.0 25.0 o t0

S4 S, 21 .6 17.2 13 . 8.3
a 2,2 1.5 -- I.0 7,6 4.3

8 4,3 2.4 --
9 3.1 -- -
o ,28 -

II •2.3 -
12 1,9 -

Let us illustrte the oe of tha sels qation. At 2 eat from bhe center

of ae explosion the light pusIne for a ch7e go!ith a y equivalent q o c0e000

tone is U IJA cal/ci. The epict entIe for the same delsice foron al explosrtan

with a TNT equ:iva lent q 10l0,000 tone, on th-e basis of thie equation is

Light ilee ieln cloudy weather. It was shown above th-at when thwe is

mist, rain or snow the light pulse may be less tUian in good weather, because of

Sthe veakeninZ; of the luminous radiation. Tae situation is quite different when

S~an atomic bomb is exploded in cloudy weather. Let us imagine thlat there are dense

clouds not very high above the eartl•, and that the atomic explosion occurs between=

the ground and the clouds. In this case the light pulses received by objectives

at different distances from the epicenter of the explosion will be greater than

f those produced in clear weather. This is because the luminous radiation emitted

by the fireball in an upwrd. direction is yartially reflected from the clouds and
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rbzmr to earth(ig. 53). Furthermor~e, thle ].uinous radiationi Sitte& b7 tbb

(P -teba&1i tOW!4f th grou helps to in~e tbe l'.ino p.ulse. What it reades j
the gound, the I uminous radiation is partially reflected, goes back to the

clouds, is reflected by the and returns to the earth again. For the given

distance from the epicenter of the explosion, the degree of increase in the

luminous pulse in cloudy veather depends on numerous factors: the height of the

clouds above the ground, the thic-mess of them, the reflectivity of the ground,

and so on.

The thickness of the clouds determines their ability to reflect the

luminous radiation, and the thicker the cloud, the more of the incident luminous

energy is reflected.

Fig. 53. Reflect:ton of ]tnninous radiation from clouds.

An apprximnte relationship bet-veen the reflection of the luminous

radiation and the thickness of the cloud in percentage is shown in Fig. 54.

It can be seen from the curve showing the approxinate dependence of the reflection

of luminous energy on the thickness of the cloud that vhen the cloud is 700 -

800 m thick, about 75 - 8M of the incident light radiation is reflected. The

mean reflection factor for clouds, taking the different shapes and thicknesses

into account, is about 50 - 55%. Mhe presence of clouds during an atomic explosion

thereby may require the use of further protective meesures for b-ildinas.

Indeed, persons taking shelter in open trenches my be burned by the

luminous radiation reflfcted from the clouds (as is easy to see from Fig. 53),

despite the fact that they are protected from the direct 1iht reys. Cclculation
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Fig. 54. Reflection factor as function of thickness of clouds.

suggest that in conditions in which the clouds and the surface of the ground

(for example, if covered by snow) reflect about 75 - 80% of Uie incident luminous

onergy, the liGht pulse at certain dLstances from the epicenter of the explosion
(r•tto of the hei--h o fhe clouds above the &round to Ulstonce fraa the epi-

cua'eii of Uie explosion is 0.3 - 1.0) throu~h reflection fra. the clouds and

ground alone nay attain as much as half the light pulse created by the direct

light rays from the fireball.

This fact must be taken into account vihen organizing anti-atomic de-

fense.

On the basis of what has been said, installations for protection fronm

the light radiation as well as frow -he shoch~ave, penetrating radiation and radio-

active contamination must be covered over.

4. Destructive effect of luminous radiation from nuclear
explosion

WJhen the luminous energy U (light pulse) impinges upon a body after

emission -froza the fireball, it is partly reflected from the surface of the body

and. partly absorbed, and partly transmitted through it, if the body is trars-

parent. The distribution of incident luminous energy is shown schematically in

Fig. 55. 9he solid arrow shows t+he incident luminous energy U, the wavy line vith
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Fig 55so T, istribution of incident

light energ (light puse),

U) absorbed by body U2 ) reflectedl

U3 ) Passed through body.
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Sah e absozbh. evesU| the reflectel portion of lminous senorgy In ii

(-- j adts jw 2 :la iho th boi r i o wth M ktbsaqu 3u -
Acewdiii6 to mhat has been said) ve can easily vrite down the equality U = UI +

_U• + U In the situation in han, most bodies are almt entirely opae UO

vith the exception of glass), hence it can be seen that some of the incident

luminous energy is reflected from it vhile the remainder is absu'bed. by it, that
is to say U U. We are interested in the portion of luminous energy

absorbed by the body U A body absorbing energy is heated up to a certain

temperature. And according to the temperature to vhich it heats up, we find

different forms of destruction - carbonization, ignition, fusion of materials or

burns on the human body. Let us first consider hown much incident light energy

is absorbed by the body.

Absorption of luminous energy by different bodies. Different bodies

absorb d•.fferent amoumts of the same Incident luminous energ (the sarme 1! i

pulse). For example; bodies v.th ý,,r- s-.,,,-,c . .bccrb m..uch rf.. e .ighl e-nergy

than ones v•th vxhite surfaces. In everyday life thIs propery, is viidely applied'.

white aumle-Tr suits, I-.jhIe arint; used to coat refrigerator tnrucim, tanks and other

inatallations ihoero it is undes:Trable for the bodies to be heated. by the SuAs

radiation. To describe the absorptivity and reflectivity of different bodies .e

usually use idie absorption and reflection factors, which are designated, respect-

iverl', Lt and. k -

The absorption factor k (U /U) is numerically equal to the ratio of

the luminous energy absorbed by the body and the incident luminous energy. The

absorption factor is a number showing how much of the light pulse is absorbed by

the given body.

The reflection factor k= (U/U_) is numerically equal to the ratio of

1hp l,-.in.ncs energy reflected by the body and the incident luminous energy. This

factor is a nuter showing how much luminous energy is reflected by a given body.

The abscrption arul reflection factors, as can be seen from their definitions, are
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-a&2= ta n unity. But accor•Lig to to 1xv of o aerntica of .mr j.

•he amof them a•va s unity in 1 canse .of an op;m body; * k ---..o ....

This mean that if ve knov one of thm for a given body, ve can fin& the oter

by subtracting fr: unity. For eaple, white paper has a reflection factor

k1 0.80, and an absoption factor k - 1-0.80 - 0.20. The absorption an&

reflection factors are often expressed in percentage. Consequently, white pEPer

absorbs 20% of the luminous energy on it. The absorption factor depends on the

"color of the body as -well as the state of its surface. For example, a rough

surface absorbs more luminous energy than a smooth or polished. surface, a moist

surface absorbs more than a dry one, and so on. But In addition to the state of

the surface, the absorption coefficient also depends on the vavelength of the

incident radiation.

I£ ~AL
7 I

0 0.5 1.0 1,5 2,0 Z5 840

Iwayse length in microns
SFi6. 56. Variation in spectrum of absorption factor of human skin on vave-

R
0 lengths of itminous radiatimn.

iFig. 56 shows an approximate variation in the absorption factor for -

human skin with the vavelength of the incident radiation. The graph shows this

dependence for an average case. The wavelength of the light in microns is plotted

along the horizontal axis and the absorption factor is plotted along the vertical.

axis. Over the many thousandE of years that man has existed, his skin has bCotvjM

k yell adapted to the sun's rays. Very little shortvave ultra-violet radiation

reaches the surface of the earth, but it is nevertheless almost entirely absorbed

by the skin, only about 3% of the energy being reflected. Fig. 56 shovs that

in the visible region (vavelength from o.4 to 0.8 microns) in vhich a great deal

of solar energy is radiated, the skin absorbs very little: C5% of the energy is
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,-euioeb, .ad 35% reflected. 0U veakeni the redia-tion ef•ect on the skas
'•ait Yv. 5e be ezoemsive. As "t4 'wvelangth in the L .- -

ijcteh, he so2Ar energy is red.cae& and the absorption factor cc the skin is

inlcxrasda..

Human skin transmits different vavelengths to different extents. For

example, the ultra-violet region of the spectrum is totally absorbed by a layer

of skin several hundredths of a milimeter thick; as the wavelength is increased,

the transparency of the skin is also increased, attaining a maximum for infra-

red rays, 0.8 microns. For longer infra-red rays the transparency of the skin

is agin reduced.

Fig. 5t shows the dependence of the reflection factor (absorption

factor) on vaglength for i w and green foliage.

Ito 0

Wave length 8 microns
Fig. 57. Reflection factor (absorption facrtor) as functicn of vavelenn1l

of light forl l)PL~O4a4LANO ; 2) green foliage.

In viev of the complex dependence of 4d-e abcorpticn factor on wave-

length, use is usually made of mean absorption factors for all the three regions

of the light spectrum (ultra-violet, visible and infra-red). The mean absorption

factor can easily bp calrrulated for any reterial if a curve like the one shown

in Figs. 56 and 57 is available. The question is made more complicated, hov-

ever, by the fact that the intensity of the radiation differs in the csee of

different wavelengths, In accordance vith Planck's law. Hence, for every material

the mean reflection (absorption) factor for the spectr'j is a functio•t of the



a tral oamp•timAo of te aIcluenut rsLttia , vidh Ji d4e.wsa by te tw-

(i As alrea&y pointe& out, the mean spectrum for the luninoug region of

the eiplosion is close to spectrum of solar ra4iation. In practice, therefore,

vhfn evalu&ting the absorption capecity of the luminous radiation by different

bodies, we use the reflection (absorption) factors for solar raelAtion.

On the basis of this, the mean absorption factor for humn skin is

0.65, that is to say the skin absorbs about 65% of the incident light radiation

'The following figures are averages: white paint 18%; black paint 901; red and

brown tile 70%; kAe- cloth 60%; white cloth 25%; black cloth 99%; vhite paper

20%; dry grass dried up by the sun, cotton 80%, and oo(on.

The greater the absorption factor of the surface, the more luminous

energy absorbed by the body, and the higer the temperature to which it heads up.

The amount of luminroos radia-tion uh!•_li Is abhorbod by 1 c, of Gur'face of an

illuminated bod-y is ternfid the heat pulse and is found from the equation

U,=U...1c1 ' Cosa,

vherd U is the heat pulse in cal/cyn;
-T*

U is the light pu.•lse in cal/cm";

k is the absorption factor;

O( is the angle between the direction of propagation of the light and

the perpendicular to the illuminated aurface.

Thus, each body absorbs a different amount of luminous energy and this

det ermines the degree of destruction it undergoes.

But does the destruction depend solely on the absorbed energy? It

appears that some degree of destruction - ignition, carboda!tion, fusion of

materials or burns on the body - depend to a great extent on other properties

Sof the body as well, for example, its thermal conductivity, heat capacity and

size (thickness).



t

But o~her factors also play a great part.

Durirng a. nuclear wtplouica tbo d~AiUge d~one to a body is largely oac-

di1tioed by the amount of itminous energy, but it is also conditioned by the fact

that this energy is released in a comparatively short pericd of time, oa•lelable

in ete-'s. 7he absorptio of luminous i.diation by bodies cbviously occurs

during this time. On account of the rapid supply of a large amount of heat.to

the surface of a body, only some of the heat can be transferred from the surface

inside to the body by thermal conductivity or into the air by radiation and heat

transfer. The tenperature of the body surface is raised very high. The extent

of the damage to the boly depends on the temperature '-) vhich it is raised.. If
the emission (absorption) has the some amount of energy occurred oyer a longer

period, the temperature of the surface vould be much lower since a large amount
of energy vould be transferred from the surfacýinside the body to the thermal

conductivity and the remainder uould be radiatd. into the sizrounding medium or

voIld. be transferred. directly to the air. Hence there vould be less d8nMIge or

none at all, although the total amount of absorbed. luiminous energy would! be the

asu e. This can be shown clearly from the following example.

Tn one day each square centimeter of horizontal surface receives the

folloving average amount of luminous radiation from the sun at differnt places

in the Soviet Union: Irk-utak - 165 caloriees; Tbilisi - 206 calories; and Taslhkent

278 calories.

If this amount of luminous energy fell on a square centimeter of

surface &uring an atomic explosion (in three seconds), many substances vould

burst into flame, some metals vould melt, and the uncovered parts of the human

body vould be charred.. This does ut happen, however, since the sun heats Vip the

earth over a prolonged period. We can conclude from this that if the light pulse

fro m two atomic bombs is the same, the degree of damage is comparatively less in

the one whose period of luminescence is greater. Experience shovs that the less

the intensity of the lumination of a body surface, the greater amount of time is
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M.quire4 for illitionu, that in t sy the geter the light pulse ,*uf

to ict te same m t & damage. Par maple if the Intensity of III-

SI.ti• is 0.8 cal/•" sec, cotton cloth ignites in 7 secs.m,; the In-

tensity is 1.0 cal/cm' sec, the cloth ignites in 5 seconds, an& 'We the intensity

is 1.3 cal/cm? sec, it burstG into flae within 3 seconda. MOA means that in the

first case the light pulse is 5.6 cal/cmn, in the second case 5 -l/a• .nd in

the third case 3.9 cal/cm". Since in the case of a h4rogen bomb the fireball

continues to be luminous for a longer period than in an atomic explosion, the

same light pulse produces less intensity of illumination in the case of the f
hyd'rogen bomb. Consequently, the same destruction is caused during an explosion

of a hydrogen bomb vhen there is greater light pulse than during the atomic bomb

explosion.

Lot us now give the equations for determining the temperature of a

body when acted on by luminous radiation from a nuclear exp1on ion.

ror thin metal sheets (roofs ofi houses, aircraft skins) it can be

considered that the temperature is the same through1out. Te rise in temperature

due to the luminous radiation (compared vith the initial temikrature) is determined

by the following equation, commonly used in textbooks on physics

1;AT=- C
Here U is the heat npl]e in cal/cm;

is the specific weight of the material in g/cm;

C is the heat capacity of tie material in cal/g deg;

Sis the thickness of the sheet in cm.

In the given equation the product T. c c is the volumetric heat

cap acity measured in cal/(cm-A deg).

For thicker materials (armor plating on tanks, ships and. other armaments)

the material does not have time to heat through to the same extent during the

comparatively brief period of illumination. The greatest temperature is found on
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Sthe ilu��se w sface. The rise in teiersture of the ortelle utfatce by t -

4 at te effect of tbeluminous rs.&iati=o db eys the folloving x2

PI AU,
ATt -- L.

f "Ker e A is the proportionality factor;

is the time taken by the luminous radiation to act.

This latter formula, incidentally, easily provides AN approximte

relationship between the light pulse required. to inflict a certain amount of

dam age on the given mterial-in accordance with the caliber of the nuclear bomb.

As can be seen from the equation, at the temperature of the surface (at which

the material is damaged) the pulse is directly proportional to the square root

of the illumination time t t (time over which the luminous radiation acts).

As has alread.y been pointed out, this time is approximately proportional to the

square root of the bond caliber q. 9hc light pulse U required to do tho some

amount of damage to the material for a bomb of caliber q is determined. from the

equ it, -b! a.n 1S=U

wihere U in tAhe known light pulse required to do the same amount of damage for

a bomb of caliber q

1)1

D1. I. -vson. Atomic bombs and conflagrations. Translation from English.

Foreign Lit. Press, 1955.

2) "Nature" for 1949.

-151-



Accozr&i- 8 to foreiS press data (obtaine& duiring expiOmnTt), the

-@ lis- pulses requfre& to inflict the some mmmt of dmge -

&ifferent materials for two different atomic bombs - a 20,000 ton bcmb anr a

one megtan bomb - are shown in Table 6.

The figures in parenthesis in the last columm in the table are the i
light pulses calculatel from the above formula. As 'e can see, the light pulses

Sobtained experimentally and. calcuatei from the. ecjation tally iell. Above v

have considered the effect of thermal capacity, thermal conductivity, thiclmess

of the body and illumination time on the extent of damage to a body.

Table 6
Liqht Pulses causing clam ge to different materials

Material

Drapes (dark red color) 9 16(17.3)
,4

Cotton cloth for blinds (vhite) 16 30(30.7)!
SNeusprint 3 6(5.8)

SPi.ne ahrvings (light yellov.•) 5 12(9.6)

.Dry rotting wool 4 9(7.7)

rFalling leaves (cry) 6 12(11.5)

Thin grass (dry) 5 10(9.6)

jOther factors such as the moistu'e content of the materials, their

surface (whether painted or lacquered) and so forth have an effec the extent

1 -4r of the damage. Generally speaking, it is very difficult to determine the con-

ditions in wbich the material may be ignited or charred vith any
IA

accuracy. The same thing can be said of skin burns. It is considered chat vhen

heat is ranicdly suppTied, as happene durin• an atomic explosion by absorption of

tche luminous radiation of high intensity, vhat determines the damage is thetotal

I uminous energy impinging upon a unit of Mllumtrated aurface, that is to say, the

"7r light pulse. The lighF pulses required to cause different degrees of damage

hnva bveen e:t-rmined experimentally Lor most materials. Sc e of them have been
S-15e- e
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SLYOs bOVe, Vhi3. Others Vill ben given in later section.s.

- In most ceee the foloqVn.U g•eml cCncl1UiaM hold gao&. Dark .

if colored cloth abso~ts a greater degree of radiation than ligt colored cloth.

Here, too, however, there are differences according to the mthod used to d.)e

the cloth an&i the mtrate of the fiber " ool is more radistion resistant tha

cotton or artificial fiber.

heavier ones. The energy required (given the same illumination time) is approx-

imately proportional to the veight of the fabric per unit areea. A greater light

pulse is required to damage moist materials than dry ones.

Burns due to Iuuinoun radiation. The effect of luminous ra~diation on

humans during a nuclear explosion is the appearance of burns of different degrees

of severity. In practice there are two types nf burns: burns directly due to

luminous rarliation, and burns by flame produced by the ignition of different

AW

S•.•_•t•'ia~uby thle l!m!nous radiatlon. The latter tyne is eh~raot'et~c •- +.•ie

i. and. .ouht oi ts. hese burns ar cu'l the f.'.e u•h:ch b•ekoutan

S~also burning clothes.* On o~i.en Lei.rain (the battJ.efield) most burns •.ou].d

i ~ apprently be cautsed by the dtr.o'ct acti~on of the luminous radiation. Burns from

i ~ ~clothing or other mat'erials •.hich catch -fire should not be ruled nut, of course.

lumiinous radiaglon Lo a tranendous extent and set in motion by the shockliave.
According to forei dat), aappoxi•natc-ly 2 of all rntalities

cccurring ri .esu' t of the atoi:ic boml'in6 of Hiroshuma and, Nagasaki vere due

to burns of different types, 20 - 307 of %L:ich vere caused by the luminous raiia-

tior directly, vhile the rema.inder vere due to I.urns szffered touh ...c•nfiv -

gra tlo.

hree quark-ers of " the casua!'es durntg +he etom.c explosions

received burns. in L{iroshima, for example, 14,000 relatively serious cases of

*irne veerk re-yorted. Lernvif-ns-rl .1thor pnqpible nuýs '~nu e~to
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bums =at lwve proved fetal in the •ee of almost all perm•a on open grmz

(P %tb-18MX m or more frm the epicenter of the e wzlosion. Evm between 3500

aud 4200 m there vere cases of burns vhich were very serious asd required

! tre atment.

e Peot l on open. ground received most of the burns lue to luminous

radiation. Nevertheless, there were many cases of burns among persons in

buildings since most of the w-nlonos vere open on account of the summer veather.

Most of the burns were due to the suddenness of the atomic attack, the

lack of organized anti-atomic defense in the cities, the large ame~ut of FL.im sy

voodlen buildings and the lack of organized fire fitting to combat the fires vhich

broke out.

A large percentage of the burns due to lu-incus radietion in Japan

vere undoubtedly connected vith the varm, clear cu,•.wner veather at the time of the
U

explosion.. I cold v2eather people vouud have been weai ing hlclker clothing and

there voulit have been fever burns.

Since fire burns are not typical of the injuries suffered by troops

on the battlefield, ve vill not consider them any further here.

Let -u -.onsider in greater detail the burns d1rectly due to the

luimeinous radiation from an atomic explosion. In appearance these burns do not

differ from ordinary fire burns. Luminous rad.iaLion first effects thie uncovered

parts of the body: hands, face, neck and the eyes.

We distinguish betveen burns of the first, second and third degree.

lThe degree of the burn depends on the lirht pulse, t~hat is to say on the d.ist-

ance of the casualties from the site of the explosion, on its t,pTe, on the

durallm Qa. 'LIxe effect of the rodiation, the position of the person vith respect

"The effects of atomic weapons" , New York - London, 1950.
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to the expelsii•, azd the quality of his or her clothing.

First d~egree burnse are cam.edL by light pulses of ap ~.;2 ~

cal/cm. (Me lover limits relate to low-caliber bombs and the upper limits to

large caliber ones).

Burns of this degree are accompanied by reddening of .the skinI so•e

painfulness. If the hands, face and neck receive burns of this -kind, the

victims can carry on working to some extent, ant can take part in further

fighting. First degree burns heal up comparatively rapidly.

Second degree burns are characterized by blisters and require special

treatment for a longer period. These burns are caused by light pulses 4 - 10

cal/cm'.

As a rule, the second degree burn has a disabling effect on the sufferer.

It is therefore considered that everyone Niho has been subjected to the effect of

Itminous radiatiom frci al nuclmar exn.losion at a dVotance Pt vb.lch the ligt

pulse is strong enouvi to cause second. degree burns is a potential CASI.LY.

Obviously, some of the victims v,-.. not be disabled, since many uill be. protected

-to some extent from the luminous radiation.

Mlh:.rd degree burns are accompanied by the formation of vorns, necrosis

of the skin and subcutaneous tissues. These burns vill be caused by light pulses

10iO - 15 cal/cm. "hen the pulse is greater than 15 cal/cmn there is charring of

the uncovered parts of the body. taird degree burns require prolonged treatment.

'mhe division of burns into three groups is to some extent arbitrary,

since there is no possibility of draving a sharp dividing line between first and

second degree burns and between second and third degree burns. Hence, at first

sight it may seem difficult to determine between a severe second degree burn and

a slight third degree one. The ensuing pathology of the injury, however, usually

makes the distinction possible.

The degree of a burn is not the only factor to take into account i•hen

determining its effect on a human being. The size of the effected area of the

skin is also of great importance. For exarple, a first degree burn all over the



CIL
bo4 ma ey be more seaiou tha a thirt &egree burn in any we point. 7Ie g1 er

the b•ct are, the greater the affect of the •raa ta.e vho oaismý Twa-bb

more, there are critical areas, for exaple, the hands, vhich *en burnt, usumlly

Uisable the victim.

Fig. 51 eables us to determine the distances at vhich ve can expect a

d degree of injury for different states of the atmosphere.

To lo this, ve draw strmight lines in Fig. 51 parallel to the horizontal

axis at distances equal to the pulse required to inflict a particular degree of

injury. Having done this (for a•n atomic bomb uith a TNT equivalent of 20,000

tons), we iind that first degree burns can be expected in clear veather at 4000 -

5000 m, secondary degree burns up to 2500 m, and third degree burns up to 1500 m

from the epicenter of the explosion. When the atnosphere is such that the

attenuation factor is k 0.2 (1/1mn), first degree buwns are possaLble at distances

up to 2700 m, and at k 2 (1/1mi) up to 1200 m. I
I.

.uring the atomic explosions over l-1 oshima and Na.sakl (TRT ,i~v1Pn' --

OPof tiese bomibds •uc; 20,000 tons), hli-wn skin vaj i found- to be cherred over a radius

of approxa1ciitely 1200 m from the epicenter of the explosion. 2Te heat of -the 4-

explosian •a•, "&-I.C at distances greater tLhan 9000 rn. It has been established. t+hat
sli•it pain ic experionce(d when a Uigt pulre of 0.3 ca1/cmD acts on the hwnman

body for one second. On the basis of the ci-wves FO/ nuluc VERUS D STANC F for

different states of the atmosphere and bomb cal lber, ve can alvays evaluate the
4

radius of destruction by th-e light radiation from these bombs. The rough radii

over which htman beings are injured by luminous radiation, DepsmiNG d, the

size of the boms (at a visibility of 2ý bn) are shown in Table 7 (here the time

over which the radiation acted and the caliber of the bomb were taken into account).

Although uncovered parts of the body are mainly affected by the luminous

radiation, in hiroshima and Nagasaki cases vere recorded in which skin protected by

one or more layers of clothing received burns. These cases usually occurred on

parts of the bol•" vhere the clothing fitted. tightly - elbows, shoulders and. yaisi.
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7M VrTt• of the body (back) there the cloibag we looser vere u s.

Table 7
SIadii of injuries cauze& to human bei:W by liumirno ra•ition

(in kilometers) as function of the caliber of nuclear
charges (for a visibility of 25 kn)

Nature of injury [ow Ot 120 O - imion

Third legree burn...
0,6 2,4 12,8 24,0 32,2

Seeon]. degree bu~rn.,. 0,9 2,9 14,4 28,8 .43,3

First degree burn... 1,1 4'2 22,4 36,4 51,3

Persons dxessed in dark clothing received severer burns than those

dressed in white or lighter-colored clothing. People wearing multicolored clothing

received severer burns on those parts of the body lying tuderneat.h the dark

colored. It terns. One case occurred. J- .Th:ld a woman dressed in a colored dress

vias only burnt at places lying directly beneath the dark pattern of t-e fabric

CF.g 53),

I •.M d.esxee to vh'.ch Ue protaclXuý,ca. of Un, body are burnt dfepends

+ pto a large extent to t2ic th-icimness and co-arseness of thle clothing. For example,

! •-there vere coses In v•hich people (h'eeuso• in Idiaki, un.fornis di•Inot suffer burnms

| on U-ieir bodies althougl- they were only_ 1500 n from thle Pont--.- of_ explosion (at

S~this distance third degr-ee burns vlere suffered on uncovered parts of t1he beody),

i ~Effect of li ght radiation on a person's eyes during a nuclear explosion :

is clýi~t, Even -those i•ho were lookinG tov;arcls the explosion only suffered

em, t y• loss of vision. his is lue to the fact that the blinking reflex vas

an effective defensc. Dl!nlknnh takes less than 0.1 sec, that is many times less

than the time taken by the luminous radiation, Lhe numerous cases of burnt eye-

lids ýbut not eyes) in Hiroshima andl K'agasaki show that during a bright explosion
the blinking reflex is of great importance from the vievpoint of protecting the

eyes from luminous radiatLm.

Of much greater danger to the sipht is a nuclear explosion at a greet
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heilits sa.1th* it my te a long 'way avey. This is bemsum the rQUation

One should, never try to look at the fireball in order to protect the

eyess from luminous radistion du~ring an explosion. Mhe distinctive feature of

luminous radiation burns is that they are strictly limited to the unprotected

parts of the body turned tovards the center of the explosion (source of liGht

radiation). Such burns have been called "profile burns". Generally speaking,

no burns vere observed. on covered or shaded. areas of the bodly. This is simply

due to "the fact that luminous radiation is propagated in a straight line (in clear

veather) and mainly affects tahe parts e. the sk.in thich are unprotected. The

following examples of profile burns are Imow.m to have occxrred in Hiroshima and.

Nagasaki.

* ~A -,n vwas sitting "by a 'windxI and writiing; his hai~tq velre neverly'

burne•, u is uncovuruL fuce und neck iaer.e OuI.• .IiULl.yr affufe' d me&erely

because the anale of incidence of the ra/"G was such tiat they had no great effect

on the trunk or face of the man (the angle of incidence vas large).

Soldiers strippe•d to thc raist at listances of 1800 m from the point of

the explosion received burns on the side of their bodies facing the sour'ce of the

Sl~uinous radiation. Fig. 59 shovs a "profile burn" , suffered by a soldier. His

cap vas sufficient protection and saved the top of his head from being burned.

Fig . 59. "Profile burn". The cap protected the top of the head from burns.
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Mi±s moans that a mu in the zbAhuýg cast by an object my tobily

avrcdAburns dxing the propaga~tioca of %4 raiai8on.

( It ahouU. be r ered tb any opaque obstacle affording protection

from the direct effect of ligbt cmpletely rules out the danger of bur= in most

causes. Ordinry uniforms also has a protective effect from 2luinous radiation

during an atomic explosion.

Effect of rluinous zaiation on different mateials. Luminous ra&ia-

tion from a nuclear explosion may cause ;uore than buius on different parts of e ie

body. It causes the ignition and charring of different combustible rwterials.

Directly on the battlefield it may set fire to and char the wooden parts of

armaments and equipment, may set fire to covers, the rubber rollers of tanks and

trucks, or may scorch the paint off tan1s and other armaments.

In dry veather the ltuainous radiation may cause fires In forestland or

steppes. Fieldstores containing fuel, lubricants, munitions, and other itm

constit-•ue the greatest danger. At naval bases mooring inatallati -om, wal1

voodon cr.utL and p:ier may be set on fIr.. ibourd ship convats coverings, wooden

floors, ropes and so on iay be set on fire. Luninous radiation cannot cause any

severe dam ge to tIle airmaVLent on ships. In certain cases, if its ocg.on is

direct, It miay char ,iubber shock absorbers, scorch or blacken paint, and so on.

On airfields the umninous radiation caused during a nuclear explosion

nmay scorch the painted surface of aircraf L, may set fire to coverings, blinds

inside the aircraft, parachute containers, bits of clot-, and so on,

In populated points the luminous rsaliatial may cause fires by

igniting vooden constructions, fences, barns, wrapping material stores and so on.

The approximate light pulses causing charring and stable combustion of

certain imterials as vell as the distances over vhich these effects occur during

an atomic explosion vith a 2TT equivalent of 20.,000 tons in compLABely clear veather

Vhen the weakening of the luminous radiation in the atmosphere can be disregarded

Zhis means -he sliadow cast by the !luninous radiation from a nuclear explosion.
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ar shmn sbile 8.
Such Losi ccmbustibl b as hay, OtmVao an& voo shavins presen t he.

eatest fire haza1&.

Table 8.
Approximte light pulses causing charring amn steble combustion

D ate&ace fom

Mvaterila

Dry, unpainted bcards ............... 4-5 40-50 1100-1300
oards painted ........... 30-40 10050 -

Dry hay, strav..................... 2-3 44 3000-3500

Canvas .............................. 30 40 1200
Light colored cotton cloth......... 4-6 10-15 2000-2500
Dark colored cotton cloit............ 2-3 4-6 3000-3500
IEaki cloth .......................... 4-6 8-10 2500-2700SSynthetic rubber.., .................. - 8-10 2500-2700
Blak elite..# ......................... 75 - -

' I
h'Zese pulses correspond to materials in the dry state. Li L pulses

"cveral tiLms gVeater (2 or 3 Irines o" ie-e acenrding to dle noist•ue contdnt 6f

z• •r... a . e aeqL4.fc~d Lu cauS. ULe swi;u amountof ýriamage to inol.st .aterials.

dils means Ulat i n rainy -.weather the area of destruc Ltion duc t. the luminous

to lcssfirst on acco"unt o.f .. e .eakcn(-.nu ofhe U 'radiation by the at-

mosepheretas vell as the fact that greaLer pulses are required to cause die same

ainount of damage. During a gr-ound -level (sea-level) nuclear explosion the dis-

Lances over which there if the same aniotmL of damage is less than in an aerial

explosion since socme of the lumi'nous radinti.on is screened and absorbed by the

dust raised by the shoewave.

It is pointed out in the foreign press that the outbreak of fires due

to luminous radiation duiring an aerial nuclear ex-olosion vith a 2UT equivalent of

20,000 tons is most probable aver an area ran-ing frcn 0.8 to 3km from the epi-

* cenler of the explosion. Some of the outside fires breaking out at distances

more tdan 1 kn from the epicenter are extinguished by the shockwave -hich reaches

these distances vhen the effect of the luminous radiat:,n is over. It is highly

"irobab1. c at fires wouu bea" uuL on the outs ie of buildings at close
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4Sstacee. 7he chief dansger is the iipition of materiaj Oewlao curtains, all-

A= _ gMA, clothing, Ul:hO.rY f meo on) inuide buld-na by Vie- . ...

ra ion enterin through tae vindov. Approximately 80 - 90% of the incident

light of the visible and close-lying infra-red regions of t"a s~ectrum up to

3 microns) is transmitted by vindo glass. The light pulse requireid to set fire

to tulle drapes is 12 - 15 caI/cm1 . It should be remembered that practically any 5

FLIMSEyinflaimmble household object catches fire vhen subjected to a light pulse

of the order of .0'" cal/cl". 4
Fires breaking nut inside buildings are not extinguished by the shock-

wave. Thus, luminous radia'tion may cause a lar4ge nunber of small, rapidly spread-

ing centers of conflagration inside buildings the vindows a? vhich face the

explosion. The initial centers of the fire must be liquidated as soon as possible

to •3top the fire spreading. Fire precautions put into effect beforehand arc of
I

great importance,

An Alis am bn -ninteý! u, fire may ,,: ouu li, pul,,ated points for

othhr r(xaons, tor example, the dec•ruction of totves, boil.ers, short cirouits in

the pover supply, broken gas pi.pes, and vhat have you.

But the nuaber of fires in the total, area suffering thereby depenls on

.uany t1hins: the topography of the surrounding countryside, how a#ose/ theI buildling ar,:, their infla .nbility, the direction of the vind, the veather and

so on. It is therefore difficult to determine in advance t.h'e total area which

I might suffer from the fire.
t
9 For example, during the atomic bombing of Hiroshima, iVhich is sittuted

on flat terrain and had a large, densely built-up area, there vere many con-
1

flagrations all at the same time. Me smoke and hot air which rose w~ caused a

strong d.raft tovards the center of the conflagration and made it much fiercer.

The vind velocity attained 60 kmAi!ot'z, as a result of which 20 minutes after the

explos'on there vas a so-called "fire storm". It did not die down until six
hou' :ate and a. c,_-r. -o•÷.'-,'•• •eu

S-in *n. a ....... r ..ution -a s de -L% h betu"v rain Vnich followed
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the explosion. 2ie narraw streets, vhich became iamsable, preyemted the

j Oploation leavin the area vreckl& by fire. That is thy balf the fatalties wez.

due to the fire, and three quaters of the casualties received buxn. Discen-

ization of the fire service mele it impossible to extinguish the conflagretions.

As has already been pointed out) in Hiroshima 50ý of the fire fighting

equipment vas deestroyed through demolition of the fire stations, and 80% of the

personnel were unable to take part in putting out the fires. Mhe fires were able

to upread more easily because both in Hiroshima and Nagasaki the water ou!y was

almost completely destroyed, Serioue damage vas done to the main vater pipes,

causing leakage end a drop in piessune.

Practically all the wooden buildings vithin a radius of more than 3 km

from the epicenter of the explosion vere d~estroyed by this f-ire. Other buildings

and installations over a v:ider area iowe also doanaged by the fire. *,

Conveo'sely, -in Nagasaki, which is situated on hilly terrain there was 4

no fire stoin since -the hills acted as an Jbutacle in the loth of the fire, ancd

actedl In much t:he same wayrn the clearI!g A.n.ch p.,event fire !,:rctuding a foves-t.

It is knmoi that on the !';r side of the ],lli in Na&asakI. houses onl. experienced

su1idit damage, ihitle in lli.roeh'ta at the same distance from the poi-t of the

explosion (on flat terras in) they were totall!y demolished. The hills also shaded

thie direct rays of light from Uhe fir'eball.. A fir.re storm need not only occur

durin3 nuclear ex4).o:sion. Cases are Iaown .'.ii which a large number of fires are

caused by ".4!•. exo!sives and incendiary bombs. For example, when haniburg vas

L bobueef. during 1½rld l.ar 11, 16,000 houses were set on fire at the same time andr

Sthe temoerature of the alr in the region of the fire atta.tne. 800%. In the air-

- raid shelters the air rose in temperaturc Pnd people sheltering in them

Pleb OF heat stroke. 12ose who tried to escape +-hr hg- te blocIM of flamehg-

buildings were burned alive. Even before this a large number of people were

poisoned by the carbon monoxide contained in the smoke from the fires (if the air

contains 0.5% carbon monoxide, hmnsn beings die within 10 minutes). -.he storm
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tor 8 t.oore off th~e airraicl shelters U& aloe the cewbou umaxids to got

vartime.

A deta.iled. study of thie major con~flagrations have shown that, all other

things being equal, the most important criterion for the probability of the fire

sprea4ing is the dintance between buildings. Obviously, the less built up the

area, the less likel-y it is tlat the fire will jump from one building to another.

Furthermore, the greater the distance between buildings, the easier it is to

extinguish the fi re.

It is also vell known that the accumulation of combustible material in

constructions, especially wooden ones, constituItes a real fire hozard.

The great Importance of fiareproof finishing hs-s bcon established.

Foreign !1.teatuTe!) qroten a "-ase mfmrr!ng rl4ing nuclea_- tests. T•yo int!z&

(Cacl 1i1.h iniow f1acing 'ihe explosion) vere subjected to huilanoul rad-

iation of 17 cal/cmn. One house contained artificial. silk iiphostery, cotton

rugs end curtalins. D-utring the explosiao•h Lis house vOo ilsa t'nt].y set on firVe and

buirnt to the groud. Tn Tthe othe•r house the ul-',olstery -wos irace of vinyl plastic,

and the rugs and cuxtains vere macde of vool. Although filre broke out inside the

house at several places, it v.as put out bj e Le.m of firemen arr:.viýn en hlouzr r1er

tic explosion.

Prootoction ajainsft luminous raiation fzom a nuclear explosion. DurIng

a nuclear explosion over ogen terrain hitiens 're Gub 1*ec'ed to S cct_'ination of

destructive factors. Anti-atomic defense should therefore include measures for

protection -•ealnst all these factors.
-re AFFoPM.

However, when considering A series of measures pESI'veal/ 'M-taneous

protection against all the harmrful factors, ve have to knov the specific features

of eech factor separately.

Fig. 60 show aL diagram of a cross-cut through a trench. It is clear
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fi the drawi 'tat the oeen of the mu. of tho aelB of the tf..ch

-affo 3p~ot~oti~x -z the &Arect aetion of lustn1ous -radf.ation,

But can it be said that by ensuring protection from the direct raye of

light we totally eliminate the damaging effect of the luminous radiation? No,

we can not. Indeed, the ray! striking the walls of the trench are Isrtially

re:lectel (shown by the broken lines and arrows in Fig. 60). This reflected

radiation may injure people on the bottom of the trench Cburns). When the

luminous radiation strikes the valls of the trench, the extent of the injuries

caused to people inside depends on the reflectivity of tue valJ and the edistri-

bution of the reflected light through space with respect to the point of incidence

of the rays.

Shockwave

Fig. 60. A trench weakens the destructJ"- effect of ltminous radiation from

an etomic explosion

T�-s .it cannot be sý.Id t-at nrotection from the direct rays in an open

trench can elwayE elininate inj'iry due to the hnainous radiation .rom E atomic

(hydrogen) explosion. This is even less the case when there are clouds, as already

mentioned above. At the moment of an atomic explosion people in open trenches

should lie face down Wo reduce the injurious effect of t)ae luminous radiation

reflected from the walls and clouds, as shown in Fig. o0.

Naturally, in many ceses tIe reflection of the radiation from the wall

may not actually be of danger to the persons 4nside, but this fact must be taken

into account vher or~inizing antI-atomic defense neesures.



RHo mn we im~ove the protectica afforee& by fortifictiCa? It Can

16 1,h pai-ly, by building covered slit trenchea or covering certain parts

of other trenches.

A covered slit trench or the covered part of a large trench. not only

totally eliminates the effect of the luminous radiatca., but gives more reliable

protection from penetrating radiation, shoclwave and to some extent radioactive

dlust.

Protection from luminous radiation is much simpl.er than from th1 other

destructive factors. As already pointed out, luminous radiaticn spreads mainly

in a strai@•t line in clear veather, hence any opaque obstacle or any body casting I
a shadow can act as protection. !

By sheltering Ji trenches, pits, ditches, shell holes, behind. mounds, ¶

enbank•nents, large-size mLlitary equipiment, trees and so forth, ve can greatly

reditee hltncim rMdintison burns or avoid them entirely. Mhe cabins of shi.-p pro-

v.d.e good. pro'uect:Lon from luminous radiation.

It should. be Kept in mind. that about 35% of the luminous energy is
WITH

radie.ted Iii approxialtely one secodl after the explosion. Hence, having seen

-the flash, people should take shelter immediately vithout the slightest delay.

If there is no shelter vithin reach, people should certainly not run and look fori
j it. They ahould lie flat on the ground, face domn, vith theIr legs towards the

explosion. Mhe hands should be hidden underneath, the eyes closed to avoid a
I

possible temporary loss of vision. If these rules are observed, the harmful effect

I of the shockwave will be reduced to a considerable extent and the uncovered parts

* of the body (face and hands) will be saved from the luminous radiation.

If equipment and clothing catch fire, the person involved should never

run since this only helps the combustion. The flames should be extinguished by

pressing the burning part against the ground. When helping a comrade ve should

throw a ground sheet or Great coat on top of hiLm and press it firmly aainst his

body, as shown in Fig. 61. Areas subjected to burns should be immediately bandaged
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u zi tg he uoljier's own &reaeg pack. If the olotbing is Estuk to the bumt are&

it ahoul& not be pulled away and. the dresuing shoul be applia& o e...

In no case ehould the blisters frmed. on the skin be broken.

Burning vegetation, the coverings on trench valls e&d various other

pieces of equipment should be extinsuished with sand, earth, fire extinguishers

or vet brooms an& rags.

Fire IX e'ention is made considerably easier if certain precautions are

cbserved beforehand. These are aimed at reducing the possibility of an outbreak

of fire, creating conditions which reduce the spread of fires and easing the actual

fire fighting.

J if••' •;. ?:, .. •-,-

Fit. 61. Burning clothing should be extinguiahed .ith a ground sheet or great-
coat pressed close to the body.

Let us look at some of those precautions. All open, wooden areas of

defense installations for protection from luminous radiation must be smeared with

clay (earth) or live, and at intervals of 40 or 50 n along the walls of trenches

there ahould bu sections 1 to 2 m long. Dead wood., pine cones and dry grass are

removed. from the area around defense installations in forest land, and light,

wooden cons Lructions and defenses in populated points are pulled down.

Aboard ships, easily inflammable equipment •oers, *e".Ks , etc.),

-- should be periodi cally hosed dcwn since a considerably greater light pulse (2 or

5 times greater, according to haw wet the mate-ial ic) is requted to ¢n!te

char vet materials t'hn dry ones.

-166-



1

-. To stop ike sprea. of forest fires clearings shoula be =&e 5 - 10 M Lu

-a-nt, a they should be cleare(, free o lead vood an. dry greass; in steppeals.

strips should be plowei, etc. Troops should be equipped. vith fire fighting equip-

Fire precautions are particularly itportant in populated points. All

inflammable materials mucsi/removed. from attics an& staircases. Open, wooden

structures, including inflammble attics, should be impregnated or painted vith

special fireproof materials or coated with liquid clay to improve their fire-

resistance. If the attic roofs contain inflammable insulation (peat, shavingts and

so on), they should be replaced by non~inflammable ones, or else strewn vith sand,

earth, or clay 10 - 15 cm thick.

Some wooden structures (barns, houses, fences, and so on), as already

mentioned, are pulled doim, while other inflanmmble materials (vrappings, vooden,

Stor•houses etc.), 77are taken away or covered wl th fireproof canvas.

"i? prevent the I.xvhois radiatior entering buildings thruj?, -i•ndov.s,I

the vindow panes ahou.id be iihitc:ashoci.

Windov g.ass ;.anfl]o;L : abL 9-i,' Q r 1'• -!.n-I; lluninous energy 'within

t the viible and cloee-lying infra-red regions of the ar•.ctrum (Cup to 3 microns).

A •t he arie time glass practically totally absorbs ultra-violat lidat and the

longw-ave region of tWe Infra-red specLru-on (more than 3 milcrons), T.h-e absorptLn

cap acity of windov glirss with respect Wo the visible afxf infra-red raye can be

increased by white-washing it. V4hitevashed class keeps out about 80% of the

luminous rdiiation. The vhitevash should be made from the following recipe

wv 4. lime, grease and water in ýhe proportion 10:1:30 (two coats are

applied to the outside of the vindov).

1_)
D. I. Lawson. Atomic bomibs and. conflagrations. TransTAtion from English.

-oreLv Literature Prees, 1955.
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To prey t f17in glass broken by the eh.ockove, virAaw euaes aAbou

be pasted avr vith vhite cloth, or pper.

CClothing, books and other itflammble cbjects should be put awy in

tightly aeale& cupbrdJs or boxes. All extra stocks of co~ustible materials

must be taken avay from romms. In apartments paraffin should oly be kept i-

small quantities in ire n, tightly sealed containers. Particular attention shoulA

be given to instructing people in Lize precauztions andin the use of the siipler

fire fighting methods.

In populated points arrangements should be provided. for extinguishing

fires in case the main vater supply is put out of action.

A nuclear explosion may be folloved by a large nuwber of small fires.

The teams of fremen cannot be expected to cope vith fires encompassing a region

of several hilorneters. TMey will have to be assisted. Minor fires have to be

discovered and liquidated in timeo before they can s1read. One of the lessons
f4to . qr CL

of ite atomic bon-.binp. of Hiroshiman and Naraesaki should be r'emcubereq. Me Vater

suIpply wc cuL off on account of" the ,lestLuct!n of h<ousc and the wain waterl

Hence certain indlustrial plants and regions of cities uhould be provided

with bunks or reservoirs with sufficient capacity (ponds and lalwes are Important

in this respect) to holA the vater required for firefighting purposes.

Observations of Uiese rules will reduce the number of victims anr.

potential fires bo a tremendous extent during an atomic explosion.

Me matter sa-. .xjrth in this section should not, of coursc, be regarded

as having exhausted theproblem of defense against luminous radiaticn. We only

give tie basic information here. Nevertheless, a firm knoviedge of the harmful

factors in a nuclear explosion and their effects vili help people to decide

sen sibly vhat methods of protection to apply in the given situation, and to

reduce the losses and damage caused.
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1. Ra&ioactivitj

Nature of radiation. A characteristic feature of a nuclear explosion

is the penetrating radiation emitted by the atomic nuclei. Mzia radiation is

accordingly termed nuclear radiation. Before studying the nuclear r.iation frcm

nuclrar explosions we shoull familiarize ourselves vith the principle properties

of this effect in the general form. In nature nuclear radiation miy be electro-

mag netic or it may be a stream of rapidly moving elementary particles (corpuscular

radiation). 9he energy of the quanta of visible light (light photons) only

constitutes a few electron volts, while the elementary particles escaping from

the atomic nuclei may possess energy equal to several billion electron volts.

Nuclear radiation is invisible and cannot be directly sensed by human beings.

A gameral cbaracteristic of all nuclear y.rlaiaLob is its ability to form elect-

rically charged particlec - ions - in the media Uhrouui 'which it iydsses. Hence

nuclear rd•iation is conventionally classed as ionizing radiation, which also

includes cosmic, x-ray and ultra-violet radiation.

As we shall see later on, the ionizing effect of this radiation makes

it biologically harmful to living organisms.

The electromagnetic radiation emitted by atomic nuclei is convention-

ally Imovn as gamma radiation. In principle gamma rays are no different from

short-wave x-rays, which are usually taken to mean radiation emitted by the

electron shell and the fast electrons when decelerated. They exist in the form

of separate portions - quanta - which possess definite encigy. The relationship

between wavelengths of electromagnetic radiation and the energy of the quantum

is determined. by a simple equation E (1.234 10) /)ý, where E Y is the

q u antum energy in the electron volts and is the wavelength in centimeters.

The greater the quantum energy, the shorter the wavelength of the

radiation ana vice ye..
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It Un c~aventional to d~stinguish between bair& g~ma rs&±ation

-M.-,m-soft O rae.dition 4 1 1Mev) according to the energy of te quanta.

Mae source of gomm radiation is "energy-excited" atomic nuclei) that

is to say the atemic nuclei posseasing surplus energy, compiared. ith their nomal

sta te. It has beenatabliahed. by modern nuclear physics that a nucleus cannot

remain for a long time in the excited state, and releases its excess energy with-

in approximately 10"¢ sec, most often by emission in the form of 1 o more

quanta.

Excited nuclei may be engendered by radioactive decay or else by the

interaction of nuclei and elementary particles, or other nuclei.

Corpuscular rediation constitutes streams of fast-moving elementary

•it.c. : neutrons, protons and o)/ partLcles.

The neutron is an elementary particle without an electric charge; its

mass in close to that of the nucleus of the hydrogen atom. Let us recall once

•ain that the neutron is contained in all atomic nuclei with the exception of

light hydrogen. In the free state the neutron survives a shmt time only, since

it is rapidly captured by atomic nuclei or turns into ý proton by losing an

electron4

On the basis of their kinetic energy we distinguish between fast neutrons

(N > 1 Mev) intermediate neutrons (0.01 Mev4 E 4 1 Mev) and slow neutrons

( < o.Ol Mev).

The velocity of motion of a neutron can be determined from the following

equ ation if we know the energy

where V is the velocity in m/sec;

E is the energy in ev.

It should not be thought that a slow neutrons moves at a slow pace. In-

deed, taking the energy of a slow neutron to be 1 ev, ve find that v - 1.38 # I0o

1 = 1.38 - 10' m/sec, that is to say a slow neutron moves at a rate considerably
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ec..di.g the velocity of an artillery shell or a modem jet aircraft.

Neutrons emitted. by atomic nuclei may possess energy considerably

I exceeding I Nev.

B •eta riatiM is R stream of ý -particles, that is to say electrons

or positrons (positively charged electrons).
Radioactive isotopes are Bowleg of beta radiation. The energy of the

beta particles emitted by radioactive nuclei may attain several megaelectron volts.

At energies of this kind, the electron (positron) moves at a velocity close to j
I

the speed of light in a vacuum (00,000 lm/sec). .
fI

The proton is the nucleur of the atom of light hydrogen, It constitutes

a positively charged particle making up the atomic nuclei of all elements. As

already pointed out, the absolute value Qf the charge of a proton is equal to that

of one electron. Protons present in the free state rapidly turn into hydrogen

atoms by annexation of the free electrons. Protons are emitted by atomic nuclei

as a result of various nuclear reacthns, in particular by the absorption of

neutrons by the nuclei of certain atoms.I
jjlha radiation is a stream of fast moving helium nuclei, consisting

of two neutrons and two protons. Taus, an X -particle is a positively charged

V_ particle, and its charge is equal to two electron charges. The energy of oC-

particles emitted by atomic nuclei may attain 10 Mev or more. At this energy

alpha particles have a velocity of about 20,000 km/sec.

Radioactive decay of atoms. Radioactivity means the ability of certain

substances to emit nuclear radiation Vihout outside stimulus.

It has been established by extensive scientific research that radio-

activity is associated vith the arbitrary transformation (decay) of nuclei of the

atoms of one element into another element. The nuclear radiation accompanying

the decay is said to be radioactive.

At the present time we know of more than 700 radioactive isotopes, only

a few of vhich exist in nature, while the remainder are obtained artificially.
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In a nvmber of countries radioactive isotopes of absolutely al.1

SOna chemical elements have been obtalued in the laboratory. Artificial radio-

active isotopes are obtained ir the laboratory by bombarding atomic nuclei vith

neutrons, protons, doutrons Owavy hydrogen nuclei) and. helium nuclei. To boost

the protons, helium nuclei and other charge particles, use is made of special

equipment (cyclotrons, betatrons and so on). Radioactive isotopes can be produced I
in very large quantities in nuclear reactors vhere they occur during the fission of

heavy nuclei (uranium, titanium) or by irradiation stable isotopes with a neutron

stream. A nuclear explosion is a powerful source of artificial radioactive

isotopes, as vill be discussed in detail in Chapter VI.

3here are t•kwe basic types of radioactive decay: alpha-decayMbeta-decay

and electron capture*

During 0< -decay, the nucleus emits an alpha particle. Since the alpha A

r particle possesses two units of positive charge and a mass nwiber equal Lo 4, after

it has escaped from the nucleus the atomic number of the newly formed nucleus is

t tio units less than the original one, 1hile the mass numb•-r is 4 units smaller.

For instance, plutonium 239 atoms are converted inLo uranium 235 atoms,

the nuclei of which have a charge two units smaller and a mass number four units

smaller than the plutonium nucleds* This decay can be vritten down in the

abbreviated form as the equation

4Pu'" +- ,,U'35 + ,He'.

Alpha decay is mainly found in natural radioactive elements at the end

of the periodic table (radium, uranium, thorium and so on).

As a rule, alpha particles emitted during the decay of the given isotope

possess definite energy.

During beta decay the nucleus emits an electron ( -decay) or a positron

( . -decay).

When an electron is emitted, the original atom turns into a second atom

vith a charge one unit greater, since the loss of one negtive charge is equal to
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Sth 6cquisitton of one positive cbarge. Mhe mass of the electron is =Ii

(0*0005 Sum), bnce the atomaic v*idit of the nevly formed nucleus is 'virtually

unchanged.

For exemple: 1Na"
4 -. 12M?]V'

Electronic beta decay is the commonest form of radioactive decay;

beta-active isotopus constitute about 46% of the total number of radioactiveI isotopes..
Mp e statement that an electron escapes from a nucleus may cause

objection from readers since there are no electrons in the nucleus. Nevertheless,

this statement is not erroneous. The point is that neutrons and protons thich

make up the nucleus may change into each other under certain conditions, and

an electron or positron is engendered during the process. The escape of an

electron is a sianal. that one of the neutrons has turned into a proton.

Vhen a positron is emitted., the original atom turns into another atom

vith a charge vith one unit less, since one of the protons has become a neutron

as a result of the positron beta decay.

L For examplez 14SI27 --. 13Ae;T + P'.

On account of the fact that during this decay the -r.oton is turned into

a neutron, it is only found in isotopes with a deficiency of neutrons, that is

in the lightest isotopes of chemical elements. Positron decay is considerably

less common than electron decay, and is only found in about 11% of all radio-

active isotopes, vhile those vith a large atomic number Z hardly exhibit any at
AI all.

In different atoms of the same radioactive substance the initial

energies of beta particles may ranr-'. from 0 to a certain maximum E ( vhich is

ccharacteristic of each radioactive isotope. For example, for strontium 89 the

maximum beta energy particle is not greater than 1.5 Mev, in cobalt 60 it is

0.3 Mev, and so on. A maximum beta particle energy emitted by most radioactive

products during an atomic explosion is not greater than 3 Mev. On account of the
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&ifferce in ene gy of ni~vidual beta psrticles, their initial velocity may

-zar gfrm Nwro to velocities close to iho speed. of ligit. This trtbution in

conventionally oaLled the energy spectrum of the -particles. For a long tim

it vas not clear why the nuclei of the same isotope emitted beta particles with

different energy, or what happene& to the energy when the beta particle escaped

from a nucleus with energy less than E T The correct explanation of this

feature of beta decay vas found after it was assumed that a second particle,

called the neutrino, was emitted fran the nucleus at the same time as the beta

particle. The total energy of the neutrino and the beta particle are exactly

equal to E, . The neutrino does not have an electrical charge and its mass is

much smaller than that of the electron.

Electron capture is radioactive transformation vhich, Just like

decay, was discovered during the study of artificial radioactivity. In electron

capture the radic•taive nucleus easplrnee one of the electrons from 1he K-shell

(or n•orc rry r ha L-she.lJ.), on a eoOuiL of which one of the protons turns into

a neutron, and the charge of the nucleus is reduced one unit. More than 25ýj of A

I all radioactive isotopes decay throush electron capture ardl, Just as (-decay,

it is only found in isotopes vith a neutron deficiency.

In many radicactive isotopes beta- and alpha-decay art electron capture
|a

are accompanied by the emission of &amma radiation. Gamma quanta are radiated by 4

atomic nuclei whenever the nevly formed nucleus is energy-excited after decay; A

& A
when changing to a state with leso energy the nucleus emits its surplus energy

Sin the form of one or more quanta. For example, the beta decay of sodiunm 24

is accompanied by the emission of two gnmma quanta. It should be pointed out

that the T -quantum does not have an electric charge, hence vhen emitted the

charge of the nucleus remains unchanged and there is therefore no radioactive

decay of the atom.

•Lav of radioactive decay. Unit of activity. Radioactive decay does

not take place all at once in atoms, bu4; stage by stage. Only a certain number
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of mxasiiclve atoms eCmAy ea&h uec=d. But each Idiosctiye atm m~e?~eS

tawtio soon or lter* Tha lav iveming the zeftetim -ft- It*

radioactive atoms is simple: ba.f any quantity of atoms of a given radioactive

hibstance decays within a certain time. Hence to describe the decay of a ra&ido-

active elsment we usually use a quantity conventionally termed the half-life.

The half-life T is the interval of time within which half the atoms which exhted

at the beginning of this interval have decayed.

The half-life of different radioactive isotopes ranges over vide limits

from fractions of a second to many billions of years.

For example, the half-life cC radioactive strontium 89 is 54. days. If

I we take a certain amount of radioactive strontium, after a period of 54c days

half the radioactive atoms are left. After a period equal to two balf-lifes

(2T= 108 days) a quarter of them are left; after 3 half-lifes (T = 162 days),

an eighth Is left, and so on.

The half-life of plutonium 239 is high and equal to 24,000 years, This
AT

menns that it is not until 24,000 years later that half the atacs of the given

amount of plutonium decay. Uranium 235 has the greatest half-life - 710 million

years. By Inowing the half-life of a radioactive isotope, it is not difficult to

L determine the number of non-decay radioactive atoms at any moment of time

N N

there N is the original number of radioactive atoms;

N is the number of non-decayed atoms;

t is the time vhich has elapsed from the moment the number of atoms was N 0.

The rate of radioactive decay does not depend upon physical or chemical

conditions, that is to say that there are no methods by vhich we can step up or

slow down radioactive decay.

The nwober of atoms decaying in one secord is callea the activity of
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th* mmss=G*2O. mor~ze atom tbere are in the radimetive matter 0A. th ahOrLtb

tha4~.~-~.,t~ greater the -aetivity of ther a3*geam. If is ~If--~ a

S T is expressed. in seconds and N denotes the nwmer of radioactive atoms, theN

activity of a substance -in eqal to Q= 0.693 "-.

The amount of rdicactive matter is usually assessed on the basis of its

activity, art not by it3 veight in grams. This is due to the fact that the

operation of veighing radioactive matter, even under laboratory conditions, is

extremely difficult since its mass is usually extremely small and, furthermore,

radioactive isotopes are usually mixed vith other substances, including nonradio- I
active matter.

Unit of activity and therefore the amount of radioactive matter is

usually termed thxe curie.

usualThy ceri~.te curihe. amount of radioactive rmtter In vhich 37 billion atoms

decay every second.

Each atomic decay is accompanied by the emission of an alpha or beta

partLicle, hence the activity of 1 curie corresponds to the emission by the

radioactive substance of 37 billion beta or alpha particles per second.

The number of gamma quanta per decay may differ. For example, in the

isotope cobalt 60 (Co" ) each atomic decay is accompanied by the emission of two

gaimia quanta, the isotope manganese 54 (, , ) the decay of each atom is accompanied

by the emission of one gamma quantum, and. so on, Thus, to determine the number of

gamma quanta radiated by a gnmma-active substance, apart from the activity

expressed, in maries, we have to know the number of gama quanta per atomic decay.

The longer the half life, and. the greater the mass number of the radio-

active isotope, the greater the amount of the substance per curie in terms of

weight. The amount in veight of radioactive atoms with an activity of 1 curie

can be determined from the equation

M =0,89 • 10-" A Tr,

where A is the mass number;
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T is the boalf -life Ix seconft.

A = ~ie of rtii- me' ;b one sji an& oeoupgies a vatowze tbe- xI-tx-oT

Small pea. One curie of cobalt 60 ith a half life of T 5 years is a beA of

metal veighing about one thousandth of a gram.

One curie of nadcioactive substance, the half-life of which is reckoned

in hours or minutes, contains a particularly small amount in veight. One curie

of sod.ium 24 veighs about 1 ten millionth of a gram. But almost alvays in

practice the radioactive substance is mixed with non-radicactive substances,

and the amount of this mixture in weight corresponding to an activity of one

curie may be considerably greater than when calculated from the given equation.

2. Interaction between nuclear radiation and matter I
Interaction between fast-moving charged particles and matter. Alpha-

beta-particles and protons are electrically charged particles. Hence when they

pass through matter, they interact electrically with the electrons anc nuclei on
94

the atoms.

The interaction between fast-moving charged particles and matter may be

accompanied by the following effects:

a4
1) ionization and excitation of the atoms;

L 2) loss of energy on bremsstrahlung.

Te process of iopnartion by a chaieed 1mr Licle is as follows. When

the charged particle passes a long vay from the atam, it does not react with it,

since the atom as a whole is electrically neutral. But if the particle enters

the atom shell or passes near it, forces of electric interaction occur between

the particle and the atom's electron. These forces thro one or more electrons

out of the atom. 7hus, when a charged particle encounters an atom, it ionizes

it and loses some of its energy. The ionizing capacity of charged particles is

conventionally described as the specific ionization, which is the number of

pairs of ions created by a particle over distance 1 cm. The ionizing power of

particles increases with their electric charge and the reduction in velocity of
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... meu-rahumn is te ranult of interactio beteen a ca•dpa rti ..e

Bad electric field of the atomic nucleus. Wehn this particle passes close to

the nucleus, it is brought to a halt by the electric charges. We Imov from

textbooks on ph-uics that every deceleration of the motion of an electric charge

must be accompanied. by the emission of electromagnetic energy. The particle I
usually emits this energy in the fom of an x-ray quantum.

Investigation of this type of interaction shows that the radiated

energy proportional to the square of the atomic number CC the suibstances in which

the charge particle moves, and inversely proportional tb the square of the mass I
of the charged particles. This means that the relatively heavy OC -particles

anid protons spend very little energy on the bremsstrahlung, ccmpared with

particles. For example, a proton those mass is approximately 1836 times larger

than that of the electron loses (1836) 1 34 - 10 timis lees energy than a

-p .particle, 9hus, for N -particle and protons the chief result of the

interction with matter is the ionization and, excitation of the atoms. In the

case of fast -particles passing thiroulh such heavy elements as lead, the energy

losses on bremestrahlung may be commensurate with the energy losses of ionization.

As the alpha particles and protons move through the substance, their I
velocity is reduced on account of ionization and excitation losses, and at a

certaindistance they eventually become equal to the velocity of motion of atoms

and molecules of surrounding matter. Tis distance is called the pathlength of

the particle in the substance. Decelerated alpha particles are tirned into A

heliun atoms iydrogen atoms) by conibning with electrons.

Te specific ionization of X -particles is enormous. T11 air an 0( -

particle creates an average of about 30,000 pairs of ions over distances of I cm.

The specific ionization differs at different parts of the pathiength of

co -particles, just as it does for other charged particles. At the beginnilof
the path stays constan't, but ut the end of the path it is more than doubled,
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an in the cse of o( -larticla•a wo•w• to 65,000 prs f is.

I is usuially not greater txan 10 cm, even in air. For exaple, thie pathlength of

OX -partiules emitted by plutonium and uranium (with energy cc about 5 Mev) in

air is not greater than 4 cm, and is not greater than 0.0045 cm (45 microms) in

human tissue. Beta particles are completely absorbed by clothing; even a

sheet of paper is an insuperable barrier for them. The proton is also a strongly

ionized particle. In air a proton creates an average of about 10,000 pairs of

I ions over a distance of 1 cm. The penetrating power of protons emitted 'y atomic
nuclei is also very small. Their pathlength is approximately 4 times greater than

t for O( -particles.

I As the f-particles penetrate into the substance, they also gradually

lose their energy and eventually become equal in energy to the average energy of

AISVI DE
atoms and molecules of the medium at a certain distance. Mhe Pa ng of

beta particles in the given substance depends on their enerry, The g--eater th

initial energy of the particle, the greater its path in the given substance.

However the energy of beta particles emitted by nuclei oL the same isotope is

diffeimt, hence the weakening of a beam of beta-particles does not occur

imediately, but stage by stage. The distance over vhich beta particles are

totally absorbed by a layer of substance is termed the maximuzn patl. At Ule

Sgiven energy the maximum path is inversely proportional to the density of the

material and depends on the atomic number of the elements making up the material

to a comparatively small extent.
STable 9 shows the maxinrum paths of •-particles for alizuinum, vater

-auman tissue) and air.

It follows from the table that although the penetrating power of beta

Sparticles is many times greater than alpha particles, it is also small. Beta

particles are greatly attenuated by clothing and are virtually entirely absorbed

by windowpanes or vindnhields, ant' any oter metal screens several milimeters
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Maxzimn path o 'P~tiole as funt±i fte th e 9

rno- tL4so

Os 0,893 1,87 1
11,2 4,80 806

2 3,51 11,1 710881 i 17,4 1100
8 9,42 29,8 1900

q

thick. I

Beta particles possess far less ionizing power than alpha particles.

This is due to the fact that beta particles which have a negligibly small mass

compared with alpha particles exhibit much greater velocities for the same energy. I
Hence beta particles hurtle through the atom much too rapidly and on account of

the small interaction time often do not manage to extract an electron, vihich 4
AtIhrbe extracted y hae ALPWi VARWjLrMOVIvA RPAiwfL- A6h -rth er!pr. .

the electric charge of the p particle i1 double that of the beta particle,

as a result of which at the same distance the force of electric interaction of

the detached electron and alpha particle is double Uhat of the beta particle.

'he total nbmber of pairs of ions formed by a charged particle is equal

to its initial energy divided by the ionitation vork. The ionization work is thet mean energy spent on the formation of one pair of ions. Its magnitude depends

on the nature of the ionized meditun, the type of radiation and certain other

factors. In air the mean ionization work can be taken for all nuclear radiation

as approximately 32.5 ev. J

If the V-particle has an initial energy of 1 Mev, the total ntmber of

pairs of ions formed by it in air will therefore be (1 a 10 )/32.5 -30,000. By

dividing the total number of pairs of ions by the pathlength Cf' the beta particle

in air we get the, mean specific ionization. For an energy 1 Mev,

according to the data in Table 9, the maximum path is 3 m; hence, the mean

specific ionization is -100 Cpairs of ions)/=, whereas for alpha particles it
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is ueso I tonis of tbousaanO of pairs of icma over te #am ilateme

q~uanta have no electric -cbharge means tbat the riatur. of their interaction vith

the mea=.u through Vhich they are propagated. is quite different from the alpha

eand. beta )articles, vhich have electric charges. We know of three basic processes

between gamma quanta and. the atoms of the medium: photoelectric absorption, the

Compton effect and form tion of pairs.

During photoelectric absorption (Fig. 62a) there is interaction between4

the gamma quanta and. the electrons in the atoms resulting in the gamma quantum

being totally absorbed by the atom. Some of the energy of the gaumma quantum

goes into overcoming the bond energy of the electron in the atam, vhile the

__ ~remainder is use&. to impart velocity to the electron. The detached electrons

move preponderately in directions perpendicular to the propagation of the gamma

I ay, to the compton effect (Pg. 62t) -ac era~ar quantum niuL:jauwvi-Uh the

energy toteelectrons. This energy, just as the absorbed. energy in photo-

electric absorption, is spent on detaching the electron from the atom and on

imparting velocity to it.

Mhe scatter'ed (remaining) r-quantum has less energy, hence it has a

longer viavelength. It moves at a random angle to the initial dlirection, but the

angle decreases, on the average, as the energy of the primary T -quantum

increases. The Compton effect makes the '( -quanta a scattered. radiation, which

as distinct from a direct beam of T-quanta, does not exhibit any clear-cut

direct ivity.

As a rule, the gamma quanta are scattered a number of times an& the

scatter ends up with photoelectric absorption.

f ~Finally, vhen the energies are greater tban 1.02~ 1ev, gaEni quanta may

be turned into pairs of particles -positrons-electrons (Fig. 62c) -through
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at Fig. 62. Types of interaction between gpmma quanta and matter.

interaction with the atomic nucleus. But this process only becomes predominant

-when the energies of the gamma quanta are very high and the substances have a

large atomic number Z.

Photoelectric absorption is characteristic of low-energy gamim quanta

(hundredths of a million electron volts), vith the exception of substances vith

a high atomic number Z, where it may predominate and at considerable quantumI energies (in lead with Z = 82 the process is predominant up to E T 0.5 Mev).

In light substances (air, water, concrete, soil and so on), 1iiich are

composed of elements with a low atomic nunber, the predominant process of inter-

action over a vide range of 6ama quanta energies (from 0.05 to 10 Mev or more)

is the Compton effect.
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Ionisatio of the medium mhen radiation pases thro& it Is fte

mainly to th seconzry electrons vhich occur as a result of tae tr_0_4.ocass|-

of interaction t'ich we have considered above. Me ionizing pove cOf -quanta

is hundreds of times lover than in beta particles, and thousands of time lower

than in alpha particles. The specific ionization of -quanta in air is several

pairs of ions over a distance of 1 cm.

It was mentioned earlier that the Compton effect caused. the scatter of

-quanta. Hence after gamma rays have passed through a certain thickness of

substance, the beam consists of a direct stream of tf -quanta which had been

unaffected by their passage through the medium, and a scattered beam.

CalJxatqs-

Scratre I rdiad1o

Sreoeiver
-- uantum

Fig. 63. Weakening of intensity of narrow parallel beam vith gamnm rays:

a) experimental plant for producing beams of gamma radiation with good

geometry; b) law governing weakening of intensity of narrow parallel beam

of gammsa rays.

The intensity of a straight stream of gami quanta can only be measured

experimentally in cases in which all the scattered quanta love the beam, If the

beam is extremely narrow, even those gmmn quanta scattered at small angles will

leave it. Hence the lava governing the weakening of a direct stream of gamma

quanta and a narrov beam are the same. Fig. 63a shows an experimental plant used
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to create Ve17 nrrz w bem of •arallel ra&latian, thich are aamot celle&

-beem-v±th "glood gecaetry'. The &V&s~p~tai. 6tillti of so)Ml.d ia pU~nbis iftE

S zarrov opening through vhich a beam of a radiation is transmitte&. None of

the Wnw quanta deflected from the axis of the beam are able to act on the

radiation receiver since they are absorbed, by the solid lea& plates in the first

and. second collimators.

Experimental diata on the veakening of narrow, parallel beams show that

the intensity of a direct stream of ganmm quanta varies exponentially vith the

thickness of the layer of attenuating material (Fig. 63b)

E, =2o *-I-,

where B. is the intensity of the radiation at the point vhere the rays enter

the absorbing medium;

E is the Intensity after they have passed through a thickness of x

.c entimaters;

i~s tnaccrO the e.!r.e ratliAtioic, Q hasc o, ht

ditmension I/cm.
WThe escribe the probability of interaction ben

T factor,1 ween a gamma

quantum and atoms of the material over a distance of 1. cm. The numerical value

f of this factor is foundl to be a complex function of the gamma quantum energy, the

atomic number and the atomic veight of the elements making up the protective

j ~thicksness.

The reciprocal of the attenuation factor X = l//Al is called the

mean path of th e T-quanta in substance and. is numerically equal to the thickniess

-hen passing through which the intensity of a narrov parallel beam is reduced e

times, that is to say, approximately by a factor of 2.7.

F The veakening of the gamma radiation is due to the three types of

interaction between the quanta and the medium, hence the factor/4. is the sum of

the three factors: photoelectric absorption/L, the Ccmpton scattering.4 an.

the formaticn of pirs . Table 10 gives the factor as functionrof the



CruTat=m emora for aiffereut zedA.

t 1
A ve~mAng n the intensi~ty *f r&7 i sy q uite oft=-9wt-e&ub

by the M tu.e of the layer of bhaf-veakening, 5, rather than by the fictor .

The half-Veakening layer is the layer of material, during passage through which

the intensity of the gamma rays is halved. There is e'simple relationship between

the factor,& an& the half-veakening layer d = (0.693)/,. Just as the factor

Vw , the half-veakening layer is a complex function of the r -quantum energ

and the properties of the material. In media consisting of materials vith close

atomic numbers, the half-weakening is inversely proportional to the density of

the material.

When the half-veakening layer is knovn, the multiplicity of the veak-

ening of the radiation intensity after passage through the barrier x cm thick is

equal toE- ./E r

Table 10 givee the thicImesses of half-veakenlng layers d. for a narrov

paral.lel beam of gama raclatio as a functon of "the r up-n+um.ene .-,'

Analysis of the table ohovs that the penetrating poer o gaia rays is

Simmeasurably greater than beta, and particularly alpha rays. Gamma rays (energy

of the quantum equal *to Mev) are only veakened by a factor of 2 mhen they iass

Sthrough 120 m of air, vhereas alpha rays are totally absorbed by a layer of air

several cm thick. A layer of aluminum 8 cm thick veakens a narrow, parallel

beam of gamma rays (quantum energy 1 Mev) by only a factor of 4, though beta

particles vith the same energy are totally absorbed by a laýer of s-luminum 1.5 mm

thick.

The intensity of a diverging beam of ganma rays is reduced both by

weakening of the variation by the medium, and also by an increase in the distance

from the source. Let us assume that a point source radiating gamma rays in

all directions uniformly emits N quanta per sec, each of vhich possesses the

S1 energy E Then, provided the medium does not veaken, the intensity of the

""Tadi`ation at the ,1s Lance R is E C(UE<)/S, vhere • is the area of a sphere vith
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Tble 10
!

Lier(tnsic ~~S, W ) Sn&lyers hfalf attetuA't.on
&L(cm) for narrov parallel, beams of ay -rays(-

I I

iros A3.vihunvw Concr'eteW q= tg A . n = " L-- 2,•L , ___• a, M ; ? /-• -i• 19/- 2,I.31.

_I

0,5 1,72 0,4 0,66 1,05 0,228 3,04 0,194 3,56 0,0967 7,15 1.11.10-4 6.2 .10

1,0 0,79 0,88 0.47 1,47 0,166 4,17 0,141 4,90 0,0706 9,80 0,81 .10-4 8,5 .I0P

1,5 0,58 1,19 0,38 1,82 0,137 5.05 0,116 5,95 0,0576 12,1 0,66. 10-4 10.5. 103

2,0 0,51 1,35 0,33 2,10 0,117 5,90 0,100D 6,93 0,0493 14,0 0,57. 10-' 12.- 103

8,0 0,46 1,50 0,28 2,48 0,094 7,40 0,080 8,65 0,0396 17,4 0,45. 10-4 15.5. -

4,9 0,47 1,48 0,26 2,66 0,084 8,25 0,0711 9,75 039 204 0,39. 10-4 8.0

radius R cme gince S m4 X R9 then Eu(NE1 )/ 4 XR2# that is to say the

intensity of radiation in a vacuum falls in inverse proportion to the squwe'

of the distance*

Taking the attenuation of the radiation by the medium into accounts the

intensity is equal to

4~(R2 ( 2

when z is the thickness of the material in the way of the radiation,

-186-



AUl the equatione given earlier for the attenxation of the intensity

of gamms radiatio are valid Vhen calculating for a direct bem of I -quanta.

Iu other words, they are derived o the assumzption that all the scattered

f-quanta leave the confines of direct radiation.

When the intensity is calculated by equations for direct beams, hovevae,

it always proves to be smaller than the measured intensity of a wide beam, and

the greater the thiciniess of the weakening layer, the greater the relative

discrepancy between the electrical and measured intensities. This is because

of the fact that as the wide beam of 7 -radiation passes through the material,

• the proportion of single and multiple scattered •-quanta Increases all the time,

and at great depths of penetration the entire beam consists for practical purposes

Of mIltiple scattered f-quanta. Thus, the intensity of Ilation calculated

from the above equations without making allowance for the scattered radiation may

turn out to be much too low.

Me process of "accumulation" of scat ered radiation proceeds par-

ticularly rapidly in media in which the Compton scattering is the predominant

interaction process (like material such as air, water, soil, concrete, etc.).

i In these media we have to mike alloance for the scatter radiation,

. • even if thie thickness of the weakening layer is relatively slight. The method

of calculating the scattered gamma rodiation can be reduced to replacement of

the stream of scattered quanta by an equivalent beam of direct quanta. It is F

usual to consider the streams of direct and scattered gamma quanta equivalent,

I provided they have the same ionizing effect in air2)

11he radiator is said to be a point source when its linear dimensions are small

T compared vIth the distance over vhich the intensity is determined.
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A quantitative assessment of the scattered raiati. can be made by

intrafcing a correction multiple B, temed, the accumuation fact=., intrj the

equations for intensity making a"lovance for the weakening by the medium. The I
fact= B is a function of the energy of the primary g radiation, the thickness

of the barrier an& the type of weakening Mterial.

Fig* 64 shows the dependence of the accumulation factor on the thick- I
ness of a weakening layer of water as an illustration of the need to take the

scatter into account.

i

1 -2Ie

I

9 o water.

Ia,

2)

- ~Or to be more exact, equal doses in air (for the definition of' a dose see

belowi).
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It is clear fro these giapb that T te thietckne of the -ki

layer of water is 1 M, the accumulation factors for the T- qanta wt± energies

of 1 Me ani 2 Mev are B ! 15 and B = 6, respectively. In other vor6s, given

this veakening layer of water, the stream of radiation coasists basically of

scattered '-quanta, disregrd. of which produces an underestimate of the

radiation stream of a factor of 15 and 6, respectively.

Table ii gives the thicknesses of concrete, iron, lead and 'atei for

wide beams of gamma radiation at different multiplicities of weakening. More

detailed tables for the calculation of protective thicknesses can be found in

the Reference Book on Radioactive Radiation and protection (State Medical

Publishing House, Moscow, 1956).

Table 11
Thickness of protective layers (in cm) of water, concrete, iron anrd

lead for wide beams of gOcmma radiation for different multiplicities
of weakening (energyof amma quanta 1 Mev and 2 Mev).

I 2 26 33 12,9 14,1 3,3 3,9 1,3 2,0
5 48 59 23,5 28,2 6,4 8 2,8 4,3
10 63 79 29.9 37,6 8,5 11,1 3,8 5,9
80 92 120 44.6 58,1 12,7 169, 6,0 9,6
100 104 136 80,5 68,7 14,5 19,5 7,0 11,3 4

Interaction between neutrons and matter. Neutrons do not possess an

electric c¢harge and, as distinct from charged particles, when they pass through

a substance, they do not interact with the electrons or *he nnclei of the atoms.

Hence neutrons mny reach the atomic nucleus unimpeded, but at small distancesI
from the nucleus (about 103 cm) there is a very strong interaction between the

neutrons and the nucleus due to forces of attraction.

Z..-l has been found that the interaction between neutrons and the

nucleus makes the latter scatter or capture (absorb) them. Mhus, neutrons lose

their energy or become absorbed nhen passing through a substance, solely through
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collision Vith nuclei*

.u..n.• scatter a neutron loses some of its kinetic eorgy (its velocity

is redwe&) an deviates from the original direction of motion. The nucleus which

intesated •ith the neutron is conventionally calle& a "recoil" nucleus.

Scatter may be elastic or notk-elastic. In elastic scatter all the

neutron's abombed energy is spent solely on imparting velocity to the recoil

nucleus. This process can be retr~ec as a collision between two elastic bodies,

for example, billiard balls.

In non-elastic scatter the neutron is first captured by the nucleus,

forming a composite nucleus, after vhkh the latter emits a lover-energy neutron.

Some of the absorbed energy is turned into the internal energy of the nucleus,

., ~that is to say the scattering nucleus becomes excited. Mhe surplus_ energy is

then emitted in the form of a Cma quantum.

An distinct from scatter, thd capture of neutrons by nuclei is accomp-

aniecL by nucA.ear reactions resulting in the formation dc a nev nucleus. These can

be the following reactions:

1) the formation of a composite nucleus and its emission of 1 or more

Oama quanta. Mis reaction is alle.e radiation capture ai-A is abbreviated to

2) the decay of the compound nucleus by the emission of an alpha

imrticle or a proton, that is to say a reaction of type (n,o) and (n, p).

3) the emission of two neutrons by the compound nucleus, that is to say

a reactim of the type (n, 22).

,i.) the fission of the compound nucleus into two new fragmentary nuclei,

that is to soy a reac 4;.!on of the type (n, f), where f indicates the fission of

the nucleus.

! Nev nuclei formed through the above-mentioned reactions may be either

Srstable or radioactive.

1) The first letter indicates the particle interaction with the nucleus (in our
case the neutron) vhile the second letter stands for the particle escaping as
a result of the reactions.
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2 pirbability of a neutron interactim vith te at~oUc auclai is

_.Aal'4 4.srw~e& by the so-ealle& isfeet -tr=Y-S~e"-= 6-tich i e

Sin cm'. ( is foumn experimentally. The significance of it is as follmos. Let

us assvme a beam of neutrons with a cross-section of I cm impinges upon a fairly

thin plate of thicknaess c1. The total flux Of neutrons striking the plate is i7TT

If n ais used to denote the number of nuclei contained in 1 cM. of plate, n La

is the number of nuclei contained in the irradiated volume of the plate. The

nuniber of nuclei processes (for example,capture) in this volume of the" plate can I
be determined from the equation

N = l ngdo
or, !I

Mhe quantity N/Tf is numerically equal to the probabilliV of inter- *
"action betweon a neutron and the substance, thile n is the nmmb of &A1omie n-clei

per 1 cm of irradiate4 srrfe, Thnus, C" , phys•cally opcaking, :Cepr•ents the

probability of the neutron interacting with the sibstance, on condition -lnt there

is one nucleus for each square centimeter of radiated surface. 'he pr•ouct

0 nn is conventionally called the macroscopic neutron cross-section.

is measured in I/cm. This quantity is similar to the attenuation factor /4 for

gama radiation. 6 ranges from 10 to i0 cm", hence it is convenient to-

express it in special units called btrns: 1 barn = 10 cm

In accordance vwith the type of interactions, we distinguish the effective A
Sscatter cross-section "S and the effective capture eross-section• 6.he total

effective cross-section T- = + 0 . 9he latter depends on the atomic nutir

and the mass number of the target nuclei, as well as the energy of the neutron.

In the case of rapid and intermediate neutrons the predominant type of interaction

P is scatter, tha t is to say for these neutrons is many times greater than •r.

bencfe e rapi aurd intemediate neutrn s are scattered by the nuclei many times

A before being captured by them when they pass through the meterial. Each time the



meutr trsamits some of its Wergy to the nucleus and thereby loe, velociyty

7h retotc•on in the neutron's kinetic energy &epda on the ratio of tba z _M ..

the nucleus af& the neutron, an veil as on the angle of scatter. Variation in

the neutron energy increases as its mass 4roaches that of the nucleus an& as the

angle of scatter is increased.

In particular, during scatter on a proton (with a mass approximately

equal to the mass of a neutron) the neutron loses all its energy at an angle of

more than 900. Dluring scatter on heavy nuclei the variation in the neutron's a

energy is small, and can be assumed roughly that elastic scatter occurs without 1
any loss of energy.

Table 12 shovs the mean number of collisions required to turn the fast

neutrons into slow ones for different substances.

Tab le 12

Mean number of collisions required to moderate neutrons

Hydrogen (light Isotopes) ... ............ 1 18
Deuterium ........................ 2 25
"Lithium ......................... 7 67
Carbon ......... ............................... 12 114
Nitrogen ........ .................................... 14 132
Lead ............................ .:........ 207 2000

T1he moderation continues until the energy of the neutron becomes equal

to that of the thermal motion of the atoms in the medium. At room temperature

this energy is 0.025 ev. Neutrons which attain this energy are kown as thermal

neutrons. Thus, the energy losses of a slow neutron duwing scatter continue

until it turns into a thermal neutron.

The probability of scatter in the case of slow neutrons is more or less

the same as for fast ones. But slow neutrons are captured by nuclei much more

often than fast ones. This is a claracteristic feature of the interaction

between slow neutrons, as opposed to fast ones. The capture crcss-section C of

a slow neutron is dependent to a great extent on the mass nruber of the "target"
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.nu.leu8: han v#Rts• iee o.:o i vot'ri nce the lose8 the
- - ukP1.~ ~ y ivw Inverse proportion to its velmoityH' tei te-

enegy-- of toninutrm, the Sioate.- th -probability of iti- captt.. !ig.3

show 1he variati- in the effective cawture cross-section of neutrons by boron

as a function of their energ. Tbe varistioný IT is typical of li~t nuclei.

Mxperimento shom, hovever, that for nuclei vith mass numbers I > 100 the effect-

ive capture cross-section for certain neutron energies J=medl up and becomes much

rgreater than the effective cross-section for the thermal neutrons. This phenomenon

has been given the name of resonance capture. On the right hand side, Fig. 65

shows the effective cross-section as a function of the neutron energy for

cadmium. his graph shows tt vhen the resonance of the energy is 0.18 ev; C- is

roughly trebled, compared vith the cross-section for the thermal neutron. Other

elements, for example, indium, iron, gola, have two or more resonance peaks.

The capture of a slow neutron is usually accompanied. by radiative

capture. This reaction Cfl -F) occurs both vith litht and heavy nuleli.

"I /

too -• 11 1 I1

OF ll0ll o to 10 IN llI
l•ut. ,eer. •> Neutr'on e0 rgyto

Fig. 65. N~eutron capture cross-section for boron and cadmium.

Table 13 shows the effective cross-sections (in barns) for nuclei of

different chemical elements.

Eamples of slow neutron reactions (ns).

1) Light nucleus: 1H
1 + o0n' -I [H* -IH'- + T, that is to say during the capture of a

neutron by an ordinary hydrogen nucleus, an excited deuterium nucleus is formed and gets rid
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wfctiv± czawscia CUM±129 alawt (in lam)
a of Il f n .e 1 ... .. .. _-- . .. . _ .. ..

yd n... 0.33 36.0 No data 3

Cmrbon... 0005 64.8 Ditto 2.

Nitrogen ... 1.78 10.0 0 0

exygen... Lessabham M4.2 "• 8,0

Sodiu... 0.50 4.0 0•00026 3.8

Aluminun... 0.21 1.4 0.00037 2.5

Silicon... 0.13 1.7 No data 4.5

Manlanese... 12.7 2.3 0.0038 3.0

Cobalt... 35.4 5.0 0,0o 3.1

Copper.,. 3.6 742 No data 3.5 I

of the excess energy by emitting a 7-quantum. The asterisk msm 00 t•• •ie

compound nuc leus is in an oxcited. state,

2) Hleavy nucleus : 7gAu 1 +on'-. [&Au'w1*- 79Au"I+ , y ta t is to

say during the captu'e of a slow neutron by the gold isotope 1.97, a nev gold.

isotope Au - ..s formed.

We should point out that the nuclei foruid during neutron capture very

often proved to be radioactive. For example, gold 198 is a beta or gaumna-

active isotope vith a half-life T = 2.7 days. This fact, as we shall discuss

later on, is used in the recording of slov neutrons.

Reactions involving the capture of slow neutrons and accompanied by

the emission of an alpha particle or a proton are encountered considerably less

often. These reactions are only found in certain light nuclei. Conversely,

fission reactions during the capture of slow neutrons are only natural for

certain heavy nuclei (for example, U Pu', U ). Examples of slow neutron

capture reactions vith emission of an alpha particle ancl proton: emission of

proton tN4'+-n ' -*C'4 +i' , emission of an alpha particle +-ln''#L-i+-He'
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M- mpt=me of ftet neutrons by nclei is accaAan•ied by r"I•soki in

*h±ck ih. emajsion of dbarpsd particles - protons fAd alpha Waricle - edmt

ates. A reaction of the type (n,D() an& (, p) are restricted to el e vith

a relatively small mso number. Furthermore, these reactions are only possible

when the neutron energies exceed a certain thresbhold value. Hence -ie reactions

(n,og) and (n, p) vith fast neutrons are sometimes termed threshhold reactions.

The threshhold energy of a neutron is a function of the isotope, but is alvays

greater than 1 Mev.

Of the other reactions possible vith fast nentrons, we can mention the

(n, 2n) and (n, 3n) ractions. (n, 2n) is only possible at threshhold values of

the neutron energy E> 9 Mev. Fast neutron fission reactions are limited to a j
very small number of heavy nucl.ei U , U• u U hl P03 ,, Np 1 7  -

- and. certain others.
-xamplev of capture reactiong vii Last neutrons sccon ) _nie)_ the

emission of an alpha rticle or. proton. Lmission of a proton 15P11 + on''- ,,S12+,1p1

(energy -threslhola E 1.0 Mev). Emission of alpha •ir,'iclestSA1'+ 0n0- ,Nag'+-RHcO

(emission threshhold E_ 3.3 Mev). S

As already pointed out the effective cross-section of a fast proton I

is many times less than the effective scatter cross-section. Hence the fast

neutron usually completes its life cycle by becoming a slow neutron, rather than

by getting captured. I
Table 14 shows the characteristics of nuclear reactions involving neutron

capture.

Being an electrically neutral particle, the neutron does not interact

with electrons and does not therefore cause ionization itself.

The ionization of a material then neutrons pass through it is due to

the "recoil nuclei", as well as alpha particles, protons and gamma radiation

emitted during neutron capture. For eample, the ionization of human tissue, Mbich
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em~im b7&roina, cz nitropen, calciu auz o~hr elmnt. by sl241 *%

.A-9 PinJlYAW to- S .piMr -ViM l-o u ri64aing te-b n AtMtos-
by 7 nrogen nuclei as vell as protons emitted, during the capture of slov neutrons

by nitrogen nuclei. The ionizatior of human tissue by fast neutrons is basically

due to the recoil protons set in motion when they collide with fast neutronsi.

A stream of neutrons, just as gamma radiation, 'a weakened by a material

through two processes: scatter and. absorption (capture). Nence the weakening of a

neutron stream and gamma radiation are s~tilar in natwe. a
In particular, a narrow, parallel beams of neutrons is weakened

exponentially as I
there 7T0 is the neutron flux just before entry into the obstacle;

'IT is the neutron flux beyond. the obstacle;

f is the thick1essof the obstacle; I
Zis the total macroscopic neutror crogs-, .

Mhe quantity X j./X is called the mean path of a neutron in a

substance. Numerically X is equal to a layer of substance during passage through i
24

which the neutron flux is weakened e tines.

Table 15 gives the values of Z and X for neutrons vith an energy of

I Mev when propagated through different materials.

and X for neutrons with energy of 15Mev

X (idftý 0 880 0,150 0,17001
I (CM 1,83 6,7 5,90 5,6

The equation 7T Vey does not take scattered neutrons into account,

that is to say it is assumed. vhc using it that every scattered neutron is thrown

clear of the beam.

In actual fact, the neutrons which are scattered. et small angles remain
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in the beam, increasing the totl neutron flux. To tike the a-cttent neutrons

into acocount, th.e equati~on can be supplemented. -eit a multiplier th acuu

tioen factor vhich is a function of the initial eergyr of the mutron, the tnp

of weakenling substance and the thic1mess of the layer. At the present time,

however, there are no really reliable methods of calculating the accmulation

factor for neutrons. Hence, we usually find the weakening of 1he neutron flux I
for each material on the basis of experiment.

3. Unit of measurement of ionizing effect of radiatn,o_ 7
As has already been mentioned, the harmful biological effect of nuclear

radiation is due to its power to ionize atoms and molecules making up human tissue.

In a number of cases the ionization causes decay and the formation of new mole-

• cules, and therefore to the change in the properties of vitally important parts

of cells. The mechanism by which nuclear radiation has a biological effect on

-the himian organism, it cannot be said to hmave yet been completely explained.

F IIMost investigators consid.er that a large part is played by ionization of the

vater molecules contained in the living tissue (thhere is as much as 70p or rire

water in the hunan organism). Thus, it has been experimentally shown that

destruction of dried (anhydrous) viruses, bacterial spores and seeds is caused by I

irradiation doses thousands of times greater than for the aqueous state.

x•X When an electron is knocked out of a water molecule, we obtain a positive

o+ A
HaO ion; the ejected electron "sticks" to another molecule, forming a negative

ion H 0 The ions formed. are unstable and decompose (dissociate) according to
X 'AA

the following pattern

H,O+ - H+ + OH

HO-- HO + H.

Apart from the dissociation the reverse process also occurs - the formation of

hdrogen molecules and hydrogen peroxide
H+H-.H,

OH + OH --.
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Xy'4iom perod~e an& the i4ecoposition 3proCuct (a, MOK 0), even in I$VO
U s~~alai.ci quantities bave-a harmful effect on liring~tissue wAi ca~use a.eulaI

kin& of chemical poisoning.

The selection of the unit to measure the ionizing effect of uuclear

ra&ition is closely bo ud up with evaluation af the harmful biological effert. I
The degree of ionization of any substance is cbaracterized.by the n'mbw of

pairs of ions formse by radioactive radiation in 1 cm or 1 gram of that substance.

A definite amount of energy is spent on the formation of orepair of ions in each

substance, and this amount, as we already know, is called the vork function. So

the ionization produced can be used to gain an idea of the absorbed energy, and

vice versa. The number of pairs of ions formed in 1 cm 3 of a material is equal

to the ratio of the energy absorbed by this amount of material in 1 cm and the

mean vork function. For example, if absorbed energy in 1 cmi of ail, is 100 * 10

ev, then (i00. 10 ev)/(32.5 ev)-* ' 10 pairs of ions are formed in a cm

The radiation energy absorbed by I cm of interial An termed the

radiati n (ulose. 'The gvoater the dose, the Oreater the degree of ioniza Lion of the

intterial. For 1umia rays possessing a constant intensity, the radiation dose )

i (•qua]. -to

= -- Et,

vhere t is the irradiation time; !

E is the radiation intensity;

is the linear absorption factor of the gamma rays in the material. I
The absorption of the gamma ray energy, that is to say its change into

the kinetic energy of the fast secondary electrons ionizing the m..2Lm is due to

photoelectric absorption, the absorption of the CSmpton effect energy and. the

formation of pairs.

We should point out that the factor a is always less than the attenuation

factor / , since the scattered qamma quanta carry energy amay from the beam with-

out it being absorbed by the medium.
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I
The equation for D suggests that the size of the dcose increases in I

direct proportion to the radiation intensity and irradiation time. Fwxthermore,

terms o'/A, depends on the energy on the gamma quantum, the dcensityr of the

irradiated material and the atomic nmwber Z of the letter.

Since the do e /o e properties of the medium, it is quite natural to

compa~re the ioni Eng effect of radiation according to the dose created by it in

purticuJnr medium. Air has been selected as this medium and the unit of dose

k itself is determined from the degree of ionization of air. Ihis unit Is tenlaed

the roentgen in honor of the famous German ph:•cist Roentgen, who discovered

X-rays.

Me roentgen is a dose of x- or gamma radiation such that the ions

formei ith one sign in 1 cm of dry air under normal conditionsa) possess atotal

charge of one electrostatic unit of electricity (CGSE).

The charge on the electron is 4.8 . 10 CGSE, so that if ve assume tst

every ion has a charge of one electron, the number of pairs of ions formed during

a dose of one roentgen in 1 cm of air is 1/(4.8 - 10"') ) 2.08 • l0q, that is to

say almost 2 billion.

This gives us another definition of the roentgen: the roentgen is a

-L) Temperature 00C and pressure 760 mm Hg.
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if

raMtion d•se such that oe cubic centimeter of air uer now 1 coOAiton3 tor

`iOfr§tely 2 billion pairs Of ions, each of *hich possesses a charge-equ- . .to

ht of the electron.

It is not difficult to fin& the absorbed energy corresponding to a dose

of 1 roentgen. Mle energy spent on forming one pair of ions in air is 324 ev;

a dose of one roentgen produces 2.08 billifn pairs of ions, hence the absorbed

radiation energy in 1 cm is equal to 2.08 billion pairs of ions X 32.5 ev 68

billion electron volts (68. 10' Mev).

Calculation of the dose from the degree of ionization of air expressed

in roentgens is due, first, to the fact that the degree of ionization of air is

the simplest to measure and, second, the energy Az absorbed by 1 cm of living

tissue and 1 cml of air are proportional to each other over a Vide range of

ganmia quantvnm energies. Mie proportionality factor is equal to the ratio of
t •

ftenatios of te tissue and air. This fact enables us to evaluate the degaree of

ionization of living tissue from the ionization of aiT ,idthaut bothering about

the energy of the gala quanta.

The ratio of the density of tissue to the density of air is 770, so if

& dose of I roentgan is measured in air, living tissue receives a dose 770 times

greater. But this conversion is not usually made, and the degree of ionization

of tissue is judged directly from the dose measured in air.

In the equation given above ihe dose is measured in energy units per

1 cm , One roentgen corresponds to the absorption by 1 cm of air of 68 1 0l Mev

|amna radiation, so tha t if the right-hand side of the equation is divided by

this quantity , ve obtain an expression for the dose in roentgens.I
D -0, 147. 10' p. Et.

68. 10
In this equation the intensity E should be expressed in Mev/cmý sec and

4k the time t in seconds.

The dose accunulated in one unit of time is termed the dose rate. If the
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dose 2%1w P is conste, Pm D/t 0.1IV7 lO_-k,. roontgfn/sec. irtis

CcUy~t:Lo~ to Measvwe -tte-Ma rate in roeatgBDs per hour; since I hour equals

0 o P O, 147 10 3600p.EB-O,0526p. -.E J rOentQnf/h•k

Vhre _ is the energy of the quantum in Mev;

J is the gamma quantun flux through I cm per sec.

Let us calculate the dose rate created by a second-long flux of gamma

quanta J 1 1000 quanta/sec cm vith quantum energy E, = 1 Mev. Table 16 for air

gives u 2.56 1/c. Men, P 0.0525o E Ji o.0525 X• .56.-l 1
-T9.

1000 = 19 * 10- roentgen/hour. I

Finally, the flux of gamma quanta through I cmi required to produce a

dose of one roentgen can be foand from the very simple equation 4

1 Cw ±Lt ' quantum/cm2

vhere E is measured in megaelectron volts.

If, for example, E,. 1 Mev, 2 • 1.0 quanta must pass t•rough I cm

of irradiated surface in order to proluce a dose of one roentgen.

To measure the ionizing effect of clarged particles (beta, alpha

particles and protons) and neutrons, ve use a unit v.hich has. come to be called the

"physical roentgen equivalent" (rep). The same degree of ionization of air is

produced by doses of I rep and 1 roentgen of gamma radiation.

But the same amount of ionization of air due to alpha, beta ar gamma

radiation and neutrons has different biological effects. In other vords, a dose

of 1 roentgen from gamma radiation is not equivalent in biological effect to a

& dose, let us say, of I rep from a neutron flux. This is due to the different

natures of ionization of different types of radiation. Hence, to assess the

biological effect, ve use a special unit - the biological rbentgen equivalent

i(re); 1 bre carrespdnds to the effect of particles equal to the biological effect



of 1 roentge of O radiation.

Table 17 shows the relative biological effectiveness of different ki•

of radiation for the same degree of ionization of air. It foll6is from this table I
that, given the same dose in reps, the most biologically harmful radiation is al9ha

radiation. This is due to the fact that alpha particles possess the greatest I
ionizing ability. Fast neutrons edIbit much the same biological effect as protonsI

i
since the ionization of living tissue by fast neutrons is caused by the recoil

protons. X-rays, gamma radiation and beta particles exhibit the same biological

harmfullness and ionization of a medium by these types of radiation is roughly!I
the same in nature sime it is due to the effect of secondary electrons.

Table 17
Relative biological effect of different types of radiation for the same

deg~ree of ionization of air.

X-rays...ii

Gam=a rays..

Beta particles... 1 1

Thermal neutrons... 1 5

FPas t neutrons... 1 10

Protons... 1 10

Alpha particles... 20

In order to estimate the biblogical effect of neutrons ve have to know

the neutron flux through 1 cm creating a dose of I bre. These values are shovn

in Table 18 as a function of the neutron energy.

The damaging effect of nuclear radiation vill be discussed in greater

detail later on. For the moment we will give some examples to enable readers to

understand the roentgen as a unit of dosage.

We are all continuously subjected to the effect of cosmic and gamma

-2c04-



Neutron energy Neutron flow through 1 cm2

creating dose of I bre

Thermal ............... .1o5 X . . . . . . . . . . . . . . . . 8 . 10
0; 8 . .Mev . ....... .. 4.10 O

II __M ev ... .............. I's • 4e

rf

radiation stemming from the natural contamination of soil, air and water by

, radioactive matter. The dcose produce& by the radiation isnot greater than 0.1

roentgen per year. Once or more times a year we all have an x-ray photograph

taken of our chests; the dose rec.ved here is about 0.05 roentgens per examination.
4

The luminous dial of a wristwatch is coated with a mixture consisting

of zinc sulphate and a minute quantity of radium (about 0.000001 g). 1.he radium

emits gamma rays which pass through the casing of the watch and create a dose

of about 0.04 roentgens per year in the htunan body, (as an average).

I 1 '1hese three examples illustrate doses vhich do not endanger people's

health.I
F

4. Methods of detecting and measuring nuclear radiation

Techniques used to measure and detect nucl& • radiation have come to be

called dosimetry. Their symmetry includes the two following principal types of

measurement. A

, 1) hmFTc & /mN,,va is the measurement of the ionizing effect of

I4

nuclear radiation (in roentgens).

2) Radiometry is the calculation of the activity of nuclear radiation

sources, the measurement of particle flux and. the degree of contamination 4f

different surfaces ard volumes by rasioacti-e substances.

Methorlr of recording and measuring nuclear radiation are usually based

on the power of the radiaticn to iorize the medium through which it is propagatea.
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In its trn, the ioniaio may cause a *hole nwber of phyical o chemical

k-fn the medium. In many cases these changes may be cletxine& comWatively

easily and measured quantitatively. Changes due to nuclear radiation itcliue the

creation of an ion current in gases, the creation of an image on film, chane in

the color of chemical solutions and solids (for example, glass), luminescence of

certain mterials, variation in the resistance of semiconductors and so forth.

Ionization chambers. Gas which is insulated from the ionizing effect

vill not conduct any electric current. This is because the current carriers in

the Gas are ions and free electrons which are only produced in the gas through

the action of an outside ionizer.

The ability of gases to become electric conductors Aihen acted on by

nuclear radiation is the working principle of most contemporary dcosimetric

instruments. 9he sensing elements in these instruments are ionization chambers

and gas-discharge counters.

1 he ionization chamber consists of two mutually insulated electrodes,

on which a co n stant voltage in impressed.

The simplest type of ionization chamber (Fig. 66) conslsts of two metal

plates in parallel - the electrodes. The space between them, which is called the

working volume of the chanber, is filled with a gas, usually air.

The nuclr radiation passing throug the working volume creates positte

and negative ions.

When there is no potential difference between the plates, the ions, just

as any other neutral atom a gas molecule, are in a state of chaotic thermal motion.

If the voltage is applied across the plates, motion of the ions becomes directed:

t the positive ions approach the negative electrode - the cathode - as a result of

the electric field, and the negative ions move towards the positive based charge

- the anode. The greater the voltage and the smaller the distance betwmM the

plates, the ,greater the velocity of motion of the ions.

The directional motion of the charged particles is the actual cause of
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the imising curiret in the ch or circuit. M imisation curmet is equ•l to

--srto . e-] otrie eaege cAured bY the lonsto fie ,ce of the electrode

in one secon&. The larger the number of ions athering at the electrodes the

greater the current. The current can be recorded by means of an electro-measuring

device plugged into the chamber circuit. There are no ions in the vorking volume

of the chsaier beyond the area affected by the radiation, so the device.indicates

no current (the needle points to zero).

Nuclear radiation

Electrodes

SI

M"asuring device

* I

Power supply

Fig. 66. Wo'kingi principle of ionization chamber.

Apart from ionization, the reverse process - combination - occurs

simultaneously in the gas. Recombination is the Joining of ions of oppnsite sign

and results in the formation of a neutral atom or molecule. On account of recom-

bination, not all ions or electrons formed by the nuclear radiation have time to

reach the electrodes. Recombination has a particularly marked effect at low

voltages. Here the velocity of ionic motion is relatively lov and most of the

ions recombine vhile in motion, only a fev reaching the electrodes.

As the, voltage is stepped up, the velocity of motion of ions and

electrons increases and this leads to a reduction in the time taken to reach the

electrcdes an d also in the probability of their recombination. As the.rnumber

of recombining ions decreases, the number of those reaching the electrodes is

increased, and there is then a greater ionization current. But there comes a

moment when the increase in voltage no longer produces an increase in the current
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1t-s in due to the fact that virtally all ioas have & at the electmzs.

-- A curric such -tht vfitueily all ioni -ftzel hin th C0 as a

result of the ionizing r4d.tio gther at electrodes is called a stratio

current.

Ionization chambers usually operate in the region of satiration; the

saturated current is proportional to the number of ions formed and may therefore

be used as a measuring stick for the ionizing effect of the radiation. These I
chambers are divided into two types according to their purpose:

1) integrating ionization chambers which are used to m easure total !

ionization caused by the passage of a visible number of Ionizing particles throueh

the chamber;

2) counting chambers which are used to record and detennine the ionizing

effect of a particular ionizing particle (for example, an alpha iarticle) which

has reached the working volume of the charber.

In the inteiaLiig chamber Uhe saturation current can be used to messure

the dose rate which is proportional to the number of pairs of Ions foniing in

31 cm1 per unit time. To measure the dose rate the scale of the electric measuringi

device has to be graduated in units of dose rate (roentgen/hour), and not in

units of current.

Despite the apparent simplicity of the construction of an ionization

t cl)Lamber, serious difficulties involving the measurement of weak ionization current

are encountered when manufacturing and adjusting chambers of this type. This is

because in ionization chambers the ionization current is a small, even if the

radiation is comparatively powerful. For example, if the working volume of the

chamber is 1 liter, a dose rate of one roentgen an hour does not produce current

of more than one ten billionth of an ampere. Such small currents can only be

measured by conventional measuring devices after preamplification by electronic

Volamplifiers.
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Mme usis S& shape of the Cor electi'o~U differs acccr4$M to Mil8

p u " There ore chanbersa- v- *.cl th-e eleetrcess are US -t th~ f~f'-m FFO_

Sparallel plates, concentric spheres or other shapes. Electrodes usAlly made of

bakelite, plexiglass or some other light material and are coated with a lil layer

o f graphite. Chamber electrodes are often made of conducting plastics.

Since beta and particularly alpha particles possess low penetrating power,

the ionization chamber used to measure these radiations should have a window

covered with a thin film through which the particles can enter the working volume.

j F urthermore, when alpha radiation is measured, the chamber must be brought right

up to the radiation source, or better still, the source should be placed in the

actual working volume, since alpha particles are strongly absorbed by air around

the instrument.

Gamma rays possess high penetrating power; they pass through the chamber valls

several milimeters thick without appreciable absorption, hence a chaabw with Valli;

of this kind is virtually open on all saidle to the penetration of Gamma quanta.

Me chauiber alle have a great- effect on the measurement of the ionizabion

effect of gamma rays. As we already know, a substance is ionized by gamma quanta

on account of the secondary fast electrons created Vhen the gamma quanta interact U
iith the atoms of the substance. In th- chamber these secondary electrons are

formed both '.ni the Cgs filling the working volume as vell as in the walls. The4

ionizing effect of secondary electms detached by the gamma quanta from the atoms

of the wall is usually known as the "wall effect". Naturally, only those secondary

"j electrons get into the working volume which are created in the surface layer of

the wall. The thicknarss of this layer is not greater than the path of the

electrons in the wall, that is to say it is not mcre than several milimeters, in

the case of a wall made of plastic. But since the density of the wall material is

thousands of times gre ater than that of the gas, the number of secondary electrons

formed by gams. radiation in the walls and reaching the working volume is

hundreds of times greater than the number of secondary electrons created in the

actual gas. This means that the electrons knocked out of the wall by the gtmm
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,antA Vrobe the prindcel ionization in the ,vorking Yo2 an= thaeefore

debewftu the iceimatin curret
The ull effect Makes it necessary to manufacture whaaber Vals from

so-called afr'.e~aMuvln Mateial. Among such materials are bakelite, pleciglass
and other lightweight substances. The radiation dose per gram of air in these

materials coincide above a wide range of ga quantum energ, so that the -
ionization in caused by the effect of a wall of air-equivalent material and is

proportional to the Ionization of air. This enables us to make chambers with

walls of light materials to measure gau radiation doees made up of gamma quanta

of different energies directly in roentgens.

Gas-disehare .counters. As has already been mentioned counting chaub-

ers can be used to record individual radiation particles passing through the

working volume since every particle vhich creates an ion produces a Jump (pulse)

4i

in the electric cdrcuit current. In ionization chambers, hweover, the current

pulses produced by individual particles are very snall and require complex

amplifiers to measure them. Hence ionization chambers are chiefly usedl to

measure the total ionization effect due to the passage of a large number of

particles through the working volume.

To record individual particles or to measmue dose rates of gams

radiation, extensive use is nov made of gas discharge counters.

If we impress a voltage of several thousand volts on the electrodes

of the ionization chamber shown in Fig. 66, it can be turned into a gas-discharge

counter. As the voltage is increased, the velocity of the electrons moving

towards positive electrode is stepped up. & a certain voltage the electron

velocity may attain such a point that if the electrons encounter neutral atoms

or molecules, they themselves may ionize thae. This effect is termed impact

ionization. Impact ionization makes the initial electron after collision with a

neutral atom produce another electron and a positive ion. These electrons

acquire high velocities and in turn produce new ions and electrons, and so on
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and to on. It the time the initial electron bas co~llde for the tenth timeI
there anea thousand ions. The nmer of ions and electrons increae like a

snowbal. In this vay a mull umber of primy ions created by an ionizing

particle is mntltiplied Taillos of times and this produces a sharp increase in
7j

the current, compared vith the current produced by the same ionizing article in

an ionizing em ber.

regsIar g, . J .. devic e ..

ins lato

filament metal cylinder

Fig. 67. Working principle of gas discharge counter.

Fig. 67 shows the construction of a gas discharge counter. It usually

consists of a thin-walled metal cylinder with a metal filament running along the

axis. The filament is the anode and the cylinder is the cathode. The space

between the cylinder and the filament is filled with gas at low pressure. Inert

gases are usually used as the fillers (argon, neon or mixtures of them) and the

electrons are the negative ions in them. The choice of these gases is due to the

fact that by possessing a mass several thousand times smaller than the ions, the

electrons are more mobile and can more easily be boosted to the velocities at

which impactiaonization begins. The use of a thin metal filament with a radius

of tenths of a milimeter as the anode makes it possible to considerably reduce

the voltage at which iMact ionization begins. While this voltage is several

thousand volts for plane electrodes, it is several hundred volts for cylindrical

electrodes, so the gas coeAnm are almost always cylindrical.

Let us see how the counter can be used to record nuclear particles. If

there is no nuclear radiation, the gas filling the connter consists of neutral

atoms and does not conduct current; the circuit is broken and no current flows
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th=-aqs it. Let us &some tt an lel•l prdo.e gets il~te *e eyin arian

filament (anede). The electron is qu.okly boosted to a velocity at which it

begins to Ionize any neutral ataus or gas molecules in the vay by its impact.

As a result a comlete avalanche of electrons and positive ions is produced near

the filament. Over a period of about one millionth of & second all the electrons

collect at the filament. The relative3y heavy, and therefore rather imnobile

positive ions hardly budge at all during this time. At the next discharge stage

the ions move towards the cathode, the process taking approximately one ten

thousandth of a second. The ions which reach the cathode extract electrons from

it, become neutralized) that is to say, turn into neutral gas atoms and molecules.

The motion of th ons and electrons produces a current pulse in the

, ater foult, and as it pases through the load resistance this current

produces a voltage. In this way, thc particle passing through the counter ic

recorded in the form of a voltage signal.

As soon as it has been amplified, the voltage is fed to a recording

device which autamatically counts the signals or in other words, the particles

passing through the working volume of the counter.

Until the positive ions are some way away from the anode, the next

avalanche of ions in the counter cannot occur since the positively charged

"Jacket" of ions sharply reduces the strength of the electric field close to the

filament. So as long as the ions remained close to the anode, the counter is

"indifferent" to aay new particle.

The time taken by the positive ions to gather at the athode is usually

termed the dead time. The dead time for gas counters is relatively high - 0.0001

see; this is a major shortccming in then since man of then may go unrecorded if

the flux is intensv.

According to the voltage impressed upon the electrodes, the counter
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=7work by prqcrtional =Mplification (propoticnal counters) or by inpandent
" diIn cror.ropo connters, thich work at comparatively low feed voltage',

the amplitude of the recorded pulses is proportional to the charge on the ions

created by the ionizing particle. Bence these counters may be used both to count I
particles as vell as to determine their ionizing effect. In proportional counters,

however, the ratio of the total number of ions produced to theinitial number of

ions formed by the original ionizing particles is empae.tively small (up to

i0,o000), so they are chiefly used to record particles w..th high ioniting ability

(alpha particles).
T4

When the feed voltage is fairly high (300 - 1000 volts, according to

the design of the counter), the counter operates under conditions of independent

electric discharge which is characterized by the fact there is no dependence

between the total number of ions produced and the original ionization. Counters

working this way are now called geiger-mueller counters. In these counters the

amplitude of the recorded voltage pulse does not depend on the original ionization;

in the case of particles with low and high ionizing ability it remains the same.

That is why geiger-mueller counters cannot be used directly for measuring the

ionizi. X effect of radiation. Nevertheless, they are infinitely more sencitive

thanploportional counters and that is vhy they are widely used to measure beta

particles and gamma quantum fluxes.

A very important characteristic of gas counters is their efficiency.

The efficiency of a counter must give the ratio of the number of particles causing

a discharge to the total number of particles entering the counter. The eff-

iciency of gas counters with respect to alpha and beta particles is close to 100%.

The effectiveness of counters with respect to gainna quanta ranges from 0'.2 to 1.5$.

Counters, past as the ionization chambers, record the game quanta

chiefly by means of the secondary electrons knasked out of the counter walls by

the gwa quanta. The knocked eot electrons fall into the working volume and
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0WwM an electric dishag. he cAnter efficien is a functi•n of the gM

qV ut=-M=W -. 1FW eGIN , in a conter with an Aluminum cathode, the efi.I V
~ isncy is stepped up from 0.2% to 1.2% whe the gemae quantm energy is raised

fron 0.2 to 2 Nev. Thw, if the energy of the recorded gne quanta is tniow,

the errors made in determining the nwer of Sum quanta passing through the

counter nay be very high.

The counters are designed in accordance with their basic purpose.

k Counters used to measure alpha particle streams should have a window

covered with a thin mica film about 0.001 cm thick, in which there is no great

decrease in the energy of the particles. The window is located at the en4 of

the counter and that is why instraents of this type are called end-•indow

counters.

The working voltage fed to the alpha counter is such that it operates

in the poportioaal region. Th pulses due to the alpha particles then are

30 - 50 timos greater than those ploduced by beta particles or gaimna quanta.

When the voltage has been raised to a certain point, the counter switches to the

independent discharge region, and can be used to count beta particles and gOa

quanta.

1And-window counters are also used to record beta particle fluxes. In

this case the thickness of the mica window is about 0.005 cm. A film of this

kind does not absorb very many beta particles, even if their energy is low (up to

0.05 - 0.1 M).

To record a flux of beta particles with canparatively high energy

(greater than 0.5 - 1 MeO), use is made of cylindrical counters, the valls of

which are made of aluminum or steel about 0.01 am thick. Such counters are more

sensitive than end-window ones, since their working surface is considerably

greater and they are now widely used in field dosimetry. To record gama quantum

fluxes we use cylindrically shaped counters with valls several milimaeters thick.

Cylindrical counters with extra covers in vhich the beta particles are totally

absorbed are usually used for the measurement of a Sam& flux.
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Sme radiation doses. As distinct froalphaarticles, shen gams.

qr act on phetographic emlsionj they do not form traces ut cause overall

darkening in the film vhen developed. The degree of darkening (density) of the

film is proportional to the radiation dose. Film can be used to measure doses of

Sams, radiation ranging from tenths of a roentgen to several tens of thousands

of roentgens, but the fils 15 of different sensitivity in different cases. The

density of the film is determined by means of special devices vhich have cone to

be called densitometers to determine the dose in roentgens, the density of the

Sfilm is comzWred vith the darkening of another film thich has been e.zposed to a

known dose of go=& radiation.

Capa•rison of the darkening densities of the two films can only be made

if they have been developed under exactly the same conditions. They have to be

develoed in the sam. teat.4 at the same coneentatlon and temperature of the -

developer and also for the same wnuunt of time.

The relationship between the density and the dose for a certain type of

photographic film is shown in Fig. 08. Up to a certain dose D) the density is

directly proportional to the dose D, after vhich the density increases more

slowly than the dose, and finally, beginning at PV there is a fall in the density

of the darkening as the dose increases. This latter fact Way be the cause of

gross errors in measuring doses, since there can be two values for the same

darkening density. Hence the sensitivity of the film should be selected in such

a way as to avoid work in the last segment of the curve showing the density as a

function of dose.

It has been fcund that if the fim is subjected to the action of gam

qpanta I•rth energy less than 0.3 Mev, the density of the film is not oa3 a function

of the dose, but also the hardness of the radiation, that is to say the energ of

the quanta. In other words, the same doses of radiation with different S

quanta energies produce different degrees of darkening of the films. This fact in
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I a major shorteOing in photographic indicators, sines it my lead to gross
g rrata in the mftaram~et of doses of inizedrdia~ton eontainim amm QulanU-ith

energ less than 0.3 gar.

S

* 0

w 8

EL

-4

SIf the energy of the 69-M quanta is greater than 0.3 MevP the d/ee °'

• ~of darkening of the fllm# though reaining proportional to the dose, no Icager •

depends urpon the energy of the gamm quantum. To eliinatbe the dependence of

- A

density 6n ener, the dharqein opilm is enclosed in lead of oadmium sheets

abaft I m- thick on both cider.. These metul filters allow through high energy

Ceata quanta without marked absor~ption and greatly weaken the gamma radiation

with gammefnthe energies less than 0.3 Mev. This smooths 0ut the relationshgr

between the densit of the film t nd the eieri y of the i am quanto to d considerable

extentd or in other words o the densi t m the same radiation dose renn ons

con'stant over a wide rth getof energies.

abe 1.,~thck o bo~cthiors Ovrthee last~ filewers an.owtheroh high etner

muethod of measurith g o radiation and fast neytron fluxes has been deveaoped.

It is based on the en mical effect of 0uclear radisatoon. It has been found that

bewhen thcrenaed bdrocarbons, (thaorphen,e trzhoroethe lene) and certain other

chemical caspoands are irradiatedp o2Wgen is formed in a quantity thieh is

proportional to the same radiation or neutron dose rithin vide 'in' s. The

amount of ozygen formed can most easily be determined with color indicators,, that
is to tay oebstan wi the hue of vhie h depends on the concentration of

given off. Very simple dose indicators can 'be constructed on the basis of this
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effet. ONe eMua.1, iditcateci is & a 6gss ale 21ll.ed .ith a lqdd eca4ua-

VA At taited bydrooeaons and an a&,mxs seuta ata color jadim -w

Mw mbe tLe of th~e doe Is found by- compring the €o02r of the solution vith

i tA~t of control indiaatoras, "ba~t is tco say indicators irradiated with known doses.

A col e is used to determine the be of the solution. SimpliatW in the

handlIng of chemical indicators, compared with photographic filws, makes the

method a much more promising one.

Chemical indicators make it possible to measure doses over a wide

Srange (up to a million roentgens), but their sensitivity to -all doses is very

* low and that is vhy they are mainly used at the present time for measuring large

doses (tens and hundreds of roentgens).

Scintillation counters. Back at thd beginning of the twentieth century

it vas found that certain materials begin to luminesce vhen acted upon by radio-

active radiation. These include zinc sulphidep sodium iodide, naphthalene

crystals, anthracene and many other solids and liquids.

The passage of alpha, beta particles and gnama quanta through l•minescent

materials causes a flash of light called a scintillation.

The greater the ionizing power of the jarticle, the more ionized atoms

it creates and the brighter the flash of light. The intensity of the scintillation

is proportional to the intensity of the nuclear radiation, hence by counting the

number of flashes we can determine the particle flux through the luminescent

Smn terial.

SFig. 69 shows a simplified diagram of a scintillation counter. The

counter consists of a luminescent crystal (luminophore) transforming the radio-

active radiation into light energ, and a photomltiplier recording the separate

flashes of light in the form of current pulses. Te photcaultiplier is a

cylindrical glass container pumped free of air. Inside is an electrode system.

The first electrode is the photocathode attached to the inside of the surface of

the container in the fom of a thin semitransparent layer ihich readily em1ts
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4e1eOe em me&•tw&d to lig. t Th V.rtmt-W Po b• mltipiers used for

S~~the known photocathodes these posses the m•iz ,quantxm yie~ld.. Mwe Tntmn yie~ld,

is the number of electrons detaohed by one qnabtm of ligmt -hen it impinges upon

W ap hotoeathode. Behind the photocathode is the focusing electrode, made in the
i form of a p• te vith a circular openin. Then acmes a raw of electrodes knova

as emittersa and finally the anode. The cathode works at the lowest potential,

and each subsequent electrode (emitter) receives a voltage approxzitely 100 volts

higher than theone before. The anode vorks at the greatest potential; the

tLk potential differente between the anode and the cathode in modern photanultipliers

ranges fron 800 to 2000 volts.

As the particle of nuclear radiation passes through the luminophore,

it causes a very brief flash of light in it. Some of the photons reach the

liotoeathofte teravh the light pipe and bnook out electrons. The tetal mmher of

electrons produced during the passage of one ionizing particle through the

crystal does not exceed A. thousand, and the total charge constitutes a negligibly

small value ( - 10 coulcmh). This charge can neither be measured nor even

detected without further amplification, except with exceptional difficulty. The

emitters in the photanaltiplier make it possible to "m'ultiply" the electrons

several of hundreds of thousand times. The working principle of the photo.

multiplier is as follows. The electrons knocked out of the photocathode are

boosted by the electric field and are focused on the first erdtter (UE) by means

of the focusing electrode. Every electron reaching the emliter knocks cut

several other electrons. The electrons escaping from the first emitter are

boosted by the electric field and move towards the second emitter where the sane

thing happens again. The multiplication of electrons continues at all the

subsequent euitters. The electron flux fron the last emitter in the series is

gathered at the anode. The total mplificationfactor of the photamultiplier is

K • ( where t" is the multiplication factor of the electrons by one emitter,
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and a in the taal.. m •W• of ei -ters.

In present-day Sotmatipliers the ajtip34oation factor C" is

approxiswtely four when the potential. difference@ between the neighboring emitters

is 100 volts& Hence the photomultiplier with ten emitters as a total amlif-

ication factor -- 10 times.

El.ectrons impinging upon the anode slow down through the load resistance

R and create in the latter a brief voltage pulse -hich may be ciqparatively easily

measured.

!1ight. ppe Focusing electrode
NuclearI %.# Y -U

radiation

"to registering device

58 08 18 I00010080)8 IO60 0

~g. 69. Diagram of scintillation counter

Thus, the passage of an ionizing particle through the crystal in the

scintillation counter is detected by a brief voltage pulse. The amplitude of the

voltage in these counters. as dictinct from independent gas discharge particles,

is proportional to the ionizing power of the radioactive particles, hence

scintillation counters can be directly used both for counting particles as well as

for measuring the ionizing effect of radiation. A scintillation counter has a

high recording efficiency for all typesof radioactive radiation, and in the cas e

of gama rays this approaches 50% or more. Furthermore, these counters have a

very short dead time. The dead tIp, vhich is conditioned by the length of the

flash in the crystal, (i0 - 10 sec) and the time taken by the electron to pass
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taVou0 te W alt•.1±er (IoC se) i sl1ighXY less than in S emters.

SAt the present ti= we know of a large :•er of d.n aoent Solids and

liquids mbieh can be used in scntiflation counters. The most suitable ones for

this purpose are organic crystals of the "sodium-iodine","cesium-iodine" type,

organic crystals of the "stilben" and "=nthracene" type, organic plastics, and

so forth. Tey are all transparent for the eigen luminescence, with a spectral

casposition lying in the region of sensitivity of antimony-cesium photocathodes

used in electronic multipliers.

Inorganic crystals record Soma radiation more effioient•y than organic

crystals of the same size. This Is due to the face that inorganic luminophores

are denser and the probability of the same linear dimensions absorbing gam

quanta is greater than in organic crystals. Bat it is considerablyr more difficult

to make inorganic crystals of large size.

A major shortea•ing of luminephores of the "sodium-iodine" type is the

fact that they soon become dim when exposed to moisture. To prevent this happen-

ing the laninophore is enclosed in a metal casing which strongly absorbe beta

radiation and is opaque to alpha particles and protons.

Photcualtipliers suffer from relatively high natural noise currents.

Hence vhen nuclear fluxes of small intensity are measured, the number of noise

signals may be commensurate with the pulses created by the ionizing particles.

But the amplitude of the noise pulse is tens of times smaler than that of the

working pulse. hhis fact enables us to build a recording circuit in Vhich the

noise pulses are cut off (descriminated against) from the principal working

pulseso

Among the defects of scintillation counters are the following:

a) the need for a stable high voltage supply to pover the photo-

multiplier;

b) aged of the photocathodes and "fatigue" of the emitters which

shov up in loss of sensitivity vhen the multiplier is used for a long time;
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the seaw tvity is very soon redued whm the in•ensity of the 1imiu and,I tlerWfW., reaittativ6 radiation is high;
a) a large spread in the parameters of different photemu~ltipliers,

making it difficult to mass produce the scintillation counters.

Despite these shorteomings, the high efficiency and high resolving power

of scintillation counters suggest that they villoontinue to be widely used both

T in the laborator as well as in the field dosimetric work as the photonult1pliers

are gradually improved.

Yoetro osimetr M#ethod. Ionization chambers, gas discharge counters,

scintilletion counters, photographic emlsions and also chemical indicators can

all be used to record neutrons.

At the present time boron ionization chambers and proportional counters

are cmonly used to measure sl1ow neutron fluxes. In the counter (chamber) for

the neutrona the gas containing beron (uial& berentriflaeole BP) is added to

the ordinary gas filling the working volume, or else a thin coating of bOr(n is

applied to theinuide surface of the counter.
to

The slow neutrons react with the isotope VB in the following way

jB'. + on' -P &Li' + ,He'.

The Li and ¶lHe nuclei formed possess a total kinetic energy of about 2.5 Mev,

that is to say they are fast, strongly ionized particles which easily record.

The counting rate of these counters (chambers) is proportional to the slow neutron

flux. If the counter is fairly large in size, the recording efficiency may attain

10 or more percent. Counters and ionization chambers filled with gases containing

hydrogen ateus are used to record fast and intermediate neutrons. In this case

the recoijag is based on ionization produced by the recoil protons. E!dogen

or methane are usually used for this purpose. The efficiency in recording

neutrons with these counters is low - only about a tenth of a percent - this

being due to the low effective scatter cross-section.

Fast neutrons can also be recorded vith a scintillation counter if

materials containing hydrogen (stilbene, anthracene and organic plastics) are used
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asthe linqho s. A M&j reoerding e ficieWo for wntfron can be ecmpretiveJ7

sbup3 WMIUM b: means of scintilla-+in coter# In certain a&es fast and

t ~intermediate neutrons can be recorded by means of slow-neutrcn counters (c erab ).Ik

In this case the omuter is encased in a fairly large moderator (wter or ;araffin)

which moderates the fast neutrons down to therma energies. The recordi1

efficiency of these counters is mch higher than those based on the recording of

recoil protons.

Apart from these methods, radioactive indicators are now widely used

for recording neutrons. This method is based on the measurement of a neutron

flux from the extent of the radioactivity of an isotope which occurs thzough its

capture by a neutron nuclei.

Table 19 gives sane of the radioactive indicators used to record slow

neutrons. These indicators are based on radiative capture of slow neutrons with

foration of zsdiawtive Mueleue,

Table 19
Sane radioactive indicators using slow neutrons.

I nitial • •, u-....
i radioactivity Half life Remarks

Used in the form of an acqueous

Mnsolution 
of Mn

2,m 2,69 days Used in the form of foil

Nam ply 15 hrs Used in the form of chemical
compound of Na

Table 20 shows radioactive indicators used to record fast neutrons.

These indicators are based on the capture of fast neutrons with subsequent

mission of a proton. All the Indicators of this type are tbresbhold ones, that

is to say the record fast neutrons beginning fram a certain energ known as the

threshhold energ.
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San radiwftbvi indicators for fast neutrons_______I
f"Initial ~Energy, I~etv Typ o

Vi~~i~active T'-0 o

isotope Lhreshold jisotope radieaqtivity Half life Comment

2.! NaM 14.8 h Metal-
Pao1,0 Sol 170,mill 41H 0

SM 1:0 14,3 days are 0 sulfur J

Radicactive indicators are convenient in that their dimensions are

smal and, they are insensitive to radiation and their use in recording

neutrons does not involve an electric circuit, as distinct from chambers and

counters. But radioactive Indicators do not make it possible to carry cut

c ontinuous measurement since they have to be'-removed and tested after every

meamwement. lAheTmeres It has to be kept In mind that good ac"moy in

measuring the neutron flux by means of these indicators can only be attained if

the distribution of the recorded neutrons with respect to energy is known. This

is because the uwaber of radioactive mnclei occurring in the indicator is not

only a function of the neutron flux, but also 4F, vhich in the case of most

indicators varies over a vide range as a function of the neutron energy.
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t Penetrating radiationi is a particular destructive factor chavActuristic

Sof macle explosions. It consists of a stream of gme, rots and neutrons mitted

Sduri.ng the explouion of atomic and thermonuclear explosiono. Both the cmponents

of the penetrating radiation have their own specific features, hence it is best

to consider them separately.

1. amm rAdiation

2ma radIajton sources, Gwaaa radiation contained in penetrating

radiation is produced directly at the manent of explosion during the chain

nuclear reaction as well as after the explosion through radioactive decay of the

fission products and radiative capture of the neutrons by the atomic nuclei of a

variety of elements. TiM8, PaMu radiation from the nuclear explosion can be

divided into the following groups according to its origin'.

a) the am= radiation emitted by uranimu or plutonium nuclei at the

maent of their fission. This radiation is conventionally called instanteneous

radiation.

b) Sam radiation fron fission fragnents (Oemntu-y gami radiation).

ga) g radiation occurring during the capture of neutrons (cakture

*gam radiation).

SAt the moment of fission the nuclei of the uranium or plutonium atoms

iemt several quanta of different energy. According to measurements, the total

* energy of the gamm quanta of this instantanecus radiation averages a total of

* 6 Mew per split nucleus.

Instantaneous gean radiation is given off during nuclear chain reactions

as well as during a certain period following until the material of the bomb flies

apext. The effect of instantaneous radiation lasts about 10 - aroseconds. On

account of the brief incandescent period, the pert played by instantaneous ume

radiation in foxming the dose in small. Furthermore, considerable 3prts of this
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rdA =Is absorbed by the maternal of the bomb,
t he bulk of the fraset radiation is ewitted after the bomb has blo

I , avart and continues until the fission products are carried aloft by the Inoand-

escent air. The intensity of the fragmet radiation drops rapiy trough doe-

composition of the ahort-i~e isotopes (fragments vith a short half-life). If

the intensity of this radiation is taken as 100% one second after the explosion,

at the end of 10 seconds it has dropped to 15% through reduction In the activity

of the radioactive fragents and products of their decay. A great effect on

reacation of intensity of the fragment radiation near the ground is exerted by

the ascent of the atomic cloud. In the first 10 seconds the cloud rises to a

height of 500 - 1500 m, according to the power of the explosion. Thi leads to

I a marked increase in the distance between the radiation source and the ground.

The g radiation is considerably weakened by its passage through the layers of

air. As a result of the rapid decay of the fission fragments and the rise of the

atomic cloud, the effect of fragment gamma radiation on objects on the ground

lasts only a comparatively short time (i0 - 15 seconds).

The dose of fragment radiation is hundreds of times greater than the

dose created at the same distance by the instantaneous Pma radiation.

The radioactive fission products emit gamma quanta of varying energ.

It has been reported in the press, for example, that gamma quanta vith an energy

of about 2.2 Mev are emitted by radioactive fragments with a half-life of 0.5 sec;

furthezmore, game radiation with slightly lower energy has been discovered; it

is associated vith the fragments with a half-life of about 2 sec. The mean

energ of the fraqnent quanta emitted during the first fev seconds following the

explosion can be taken as 2 Y-ev.

During the first 10 seconds after the explosion, the fission fragents

emit gaimn radiation vith a total energy of 1.8 Mev per split nucleus (that is to

sWy per pair of fragments).

-225-



r

Mw se ee at emes rad ia•ion is the reaction involving the

zbiative cap e of neutrons br atme fron the chase. and wbural eleaot. of

the baO or shell, as well as chm1ical elements from the medium t•1ough viah the

neutrons spread after the exlosion (airs soil, water), and so forth).

Let us see which radiative capture reactions occur in air when the

neutrons from an ataoic explosion spread through it. As is known, air consists

mainly of nitrogen and oxygen. OCgen hardly absorbs neutrons at all, even

thermal ones* The capture of thermal neutrons by nitrogen nuclei is more

successful and the following two nuclear reactions occur at the same time

,N1' + on' -+ ,C14 + IHI;

-N1' + on1 -1 0N" + T.

In the first case the result is a proton and the nucleus of the

radioactive carbon isotope. Carbon 14 is a beta-active material. As it slowly

decays (half-life T - 5570 Years), it emits beta particles with enerfV up to 0.15

Mev. The effective section of the reaction Or = 1.1 barns.

In the second case the result is the nucleus of an aton of a nonradio-

Sactive (stable) nitrogen isotope and capture amn radiation. For this reaction

( a 0.1 barns. The probability of a reaction accaqpenied by the formation of

a proton is considerably greater than the radiative capture reaction. Neverthe-

less, the proportion of capture radiation in the total dose of penetrating radia-

tion may be considerable since a huge imuber of neutrons are formed during the

explosion.

In most materials the spectrum for the capture radiation , that is to

say the energ distribution of the gama quanta, Is very camplicated. The pre-

doninance of fired p- radiation is characteristic of it.

In particular, about 35 quanta A th energ ranging fran 3 to 5 Mev, 90

quanta ranging between 5 and T Mev and 39 quanta with more than 7 Mev are emitted

by nitrogen nuclei for every hundred radiative captures. There is no reliable

data on the existence of ga radiation with energy less than 3 Her. It is
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aaumd haversr, that the pr~aoation of this radiation In =al. the total eWg~f

of the qwnta eiitted dmvig each capture process is 10.8 Ver.

A large prt of the eaerw of capture radiation is transferred Iy the

quanta averaging 6 Nov.

Calculations show that In the event of absorption of all the neutrons

by the nitrogen in the air, the gamma radiation emitted is 1.0 - 1.3 Mev per each

split nucleus in the atomic charge.

The period of action of the capture radiation is determined by the

lifetime of the neutrons, which is several fractions of a second in air. Intensity

of the capture radiation depends on the amount of nitrogen in the air (air density)

the =nber of released neutrons (power of the explosion), the structural features

w of the atomic bomb and certain other features.

The majority of capture g quanta has greater energy than the frag-

ment quanta, hence they are more penetrating. As the distance from the center of

the explosion increases# there is a peculiar kind of filtration - the softer

* •fragment radiation is absorbed earlier and the proportion of it drops more and

more. At same distance avay the fragment radiation is absorbed to such a degree

that it is virtually only the capture gammsa radiation which has any effect.

Gamma radiation dose. The gamea radiation dose from penetrating rad-

iation depends on the caliber of the bomb and the altitude of the explosion, and

declines rapidly with distance as a result of two simultaneous effects: the

square of the distance and the absorption of the radiation by air. The greater

the distance., the greater the surface area through which the gaa rays pass.

If the distance is doubled, the surface is quadrupled and the gonna ray flux is

quartered, that is to say the nimber of quanta passing through the unit of

surface. Hence the dose varies in inverse proportion to the square of the

distance. The decrease in the dose through absorption and scatter of gamma

quanta by the air is exponential.

Fig. 70 shows the gasna radiation dose at different distances from the

-22T-



i --

aletance in m

Fig. 70. Gamea radiation dose as ftunction of distance from center of
explosion.

In an aerial explosion the distance is usually measured from the ep-

centers so in order to calculate the dose the d2sance from the center of the

S•explosion has to be worked out with consideration for the height of the explosion.

TX: we designate the distance from "the epicenter R to and the heiat of the

explosion H) the distance between the center of the explosion and any point on

the ground is determined by the equation

It is easy to see that at R- 0O, that is to say right at the epicenter.,

the distance from the center of the explosion is equal to the height of the ex-

plosion.

Mhe radition dose from the explosion of the sam atomic minitions in.

creases with the distance from the center of the explosione. ut the distance of

I a given point on the ground depends on the height of the explosion. This relation.

ship is particulrl marked a short vay fro the point of explosion and is clearly
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SAn ob t leatedIM -v s m the• enter of a g-un level en.isp u

0(!-o) is 60 from the e er of anaerial explosion at I =6 m If the

objeet is moved 2000 m from the center of the grond level explo , keeping the

conditions of the explosion, the distance from the center of an aerial enilosion

becomes 2080 m. mus, the dose of gama radiation at short distances from thet
center of a ground level explosion is much greater than at the distances reckoned

from the epicenter of an aerial explosion. At large distancesp however, there

the height of the explosion virtually has no effect on the distance, the gamma

radiation dose for both types of explosions is qpproximately the same. That is

vbV the radius of the area in thich there may be cases of medium-degree of

radiation sickness from an aerial explosion (a dose of 200 - 300 roentgens)differs

canparatively little frmn the radius of the area of cases after a groundlevel

explosion.

It should be pointed out that on account of the strong absorption of

the radiation by the air, even a slight increase in distance produces a considerable

reduction in the radiation dose. For exmple, if the distance is increased fran

1 to ly kilometers, that is to say by a factor of 1.5, the dose is reduced by a

factor of more than 15.

Huiuraa2yj, if the caliber of the bomb is changed, the total amount of

gamma quanta emitted during the explosion of it is also changed. Variation of

the caliber involves variation in the number of split nucleip that is to say the

number of fission fragents - the principal sources of pm- radiation.

It can be assumed that the total amount of gam quanta is proportional

to the number of split atomic nucleip and therefore to the amont of enery emitted

dring the explosion. The dose of Sum radiation created at different distances

from the site of the explosion is also approximtely proportional to this quantity.

Ms , for a rough evalmation of the dose from atomic munitions vhich do not

differ too extensively in their MfT equivalent we can use the following simple
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where D is the dose from an ato•ic banb with a TOT equivalent q.

D is the dose from an atomic bomb with the TNT equsival'ent q ..

Far aIMplee, it is known that at 1500 m from the center•of an explosion,

given q•u 20 kilotons, D 80 roentgens (see graph in Fig. 70). The dose fran

- an atomic bomb with a 10 kiloton caliber at the same distance is approximatel7y

40 roentgens. 4

It was noticed, however, that then the power of the explosion vas

increased, the ganm radiation dose did not increase in proportion to the WT

equivalent$ but much more rapidly. For example, 1600 m fron the point of the

explosion of an atomic charge with a TNT equivalent of 1000 tons the sum

radiation dose was 2.5 roentgens; when the explosion was equivalent to a 100,000

tons, the dose was stepped up by a factor of 150 at the same distance, and

amounted to 375 roentgens. This relationship between the dose and the distance

is dae to the effect of the shockwave moving away fron the point of explosion

ihile the gauma rays are spreading.

It was established by theory and proved by experiment that the ab-

sorption of gamu rays over the journey from the center of the explosion to the

point under consideration was a function of the redistribution of the air r-sses,

Swhich is caused by the passing shockwave.

As we know, when a comparatively strong shockuve passes by (when the

_. pressure at the front is considerably greater than atmosphetric), the bulk of the

air pulled along is concentrated in a thin layer near the vave front. Inside the

wave there is formed a region of low air density - a cavity. This low-densitV

region also lasts for a short tim after the passage of the uhockware, when the

original pressure is restored. This is because when the wave passes by, the air

is heated up. It is usually heated up to a particularly high temerature at a

short distance from the center of the explosion. The higher the temperature of
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"%e bet air., the less its dens"ty and tharesore the better the rays pass

thra*& it.* IttaeafarymStmfo haitoald & an

o bur, to normal density, in fact much longer than the emission tm of most of

the Soma radiation. For exuiple, 5.35 seconds after the shockwave has passed

(q a, 300,000 tons) the radius of the cavity in ehich the densit is 5 times smalr l

than in the surreunding air, is 600 me

SIt has already been mentioned that the Intensity of the ge radiation

at a given point on the ground decreases through decay of the fragments and

ascent of the atonic cloud. The formtion of a cavity of greatly rarefied air

brings about an increase in the gamma radiation intensity, since the rays are

virtually unabsorbed when they pass through it. The rise in intensity is marked

mostly whenever the shockwave compression zone passes the point where the dose is

being measured. In the given case this point is inside the cavity, and there is

no absorption of the gem rays. Bat the presence of the shockmve edueess the

Akw absorption and therefore leads to an increase in the doce ac woe at the point at

which the shockwve front has not yet reached.

An equation on the following type is piit forward for calculating the

, •ganma radiation dose from an atomic explosion

R

e ' eff.

where A is the isultiplier taking into account the power of the explosion and the

effect of the shockuave;

R is the distance from the center of the explosion;

X is the effective path of the ga quanta in air* depends on the

density of the medium and is detertined experis•ntaly.

This equation can be expressed in logarithmic form in the following

g;,R 2 ) = IgA .A R . 0,434.
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Fig. 71 ohmv a W~jeal reoaticmhiP betwien dose am deavuwo. no.

l080riVSK of the prodnt of the dose and the sq2are of the distance is sham

along the .-a•is.

This graph, vhich is plotted fron experluentaLi data, can be used to find

A andX 4

The graph In Fig. 71 clear4 shows the existence of three regimes in

-hich the dose varies vith distance. Points on the earth's surface at a distance

R from the center of the explosion; that is to say in region 1, full in the

shockwave cavity t•roughout the period of action of the gamma radiation. In this

region the dose varies in inverse proportion to the square of the distanee and

the logarithb of the product DR Is therefore constant. In regi II (

fragment zdiation is predominantp and in region 11I (-H.) capture radiation is

prevalent. The distances H and are the bowularles of these regions.

R, R , R i

Fig. 71. General view of relationship between gama radiation dose and distance.

The most characteristic region for an assessment of the damaging effect

of amma radiation is region II, since at distances R or more the dose does not
usually exceed 100 roentgens. R, and R are shown in Table 21 as fmnctions of

the power of the explosion.

The dose of fra~ment gamma radiation (in region II) for an aerial ex-

plosion can be calculated from the equat=in
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ss h s e for n tAhe "enterof lith differept MiT eoin ent ;

q, l'w 2- 20 20000

Rm 'M 4I M 2M

R&1100 140 200

where q is the TNT equivalent of the atanic charge in thousands of tons;

R is the distance frm the center of the explosion in m;

is the density of the air in kg/m.

This equation can be reduced to the form of the one given earlier if

we take it that

A--4-I. 10q(I +0,2q"'") & X 300
eff P

In air of nomral density (temperature 280 C and pressure 760 m S)

u250 m,

The multiplier represented as a sum in inside parenthesis is designated

K( 1 + 0.2 q ). This multiplier takes into account the effect of the

shockwave on the propagation of pm= rays through air and is often called the

cavity factor. If K: = 1, the dose is proportional to the power of the explosion.

But K = 1 only for small TNT equivalents.

The gamia radiation dose is greater at the same distances fran the center

of the explosion in a groundlevel explosion than in an aerial explosion of the

same power. This is because in region II (Fig. 71) the shockwave frem a ground-

level explosion is stronger and the effect of its cavity on the dose is therefore

also much stronger. An approximate calculation of the dose for a groundlevel

atomic exlosion cm be made fron the equation

,,r2,8 • IO'q(I + 0,3qe'6) £3

The capture ga- radiation only lasts for 0.2 - 0.3 seconds, hence the

shockwave hardly affects its prcqagation at all.

-233-



-~ii

Segatims fr calculating the g m, radiation done relate to

i a os n the fission of heavY nolei. The relationship betwe the ex-

ploslon energy (TOT equivalent) and nvaber of quanta mitted and neutons emitted

is different for theom .lear explosi•.s, since sane of the energy is released

through s�nthesis.

i As has alread been mentioned, the Sua radiation dose is =de up of

the dose of fragment radiation accumulated over a period of several seconds, and

the bosC of capture radiation, the effect of vhich is for practical purposes

complete 0.3 seconds after the explosion.

The time taen for the dose to accumulate depends on the distance and

I the energy of the explosion. The greater the distance, the more rapidly the dose

accumulates, since the role of capture radiation is increased with distance.

The time over which the cavity created by the shockwave acts increases

with the M e&Vatl•ft of the explesion, and the time during *ihb the gamma

radiation dose is acciualated is increased accordingly, or in other words, there

is a slower aeincuatios of the dose. Let us quote an example to substantiate

what has been said. Daring the explosion of a charge q = 200,000 tons, at a

distance of 1500 m. 30% of the total dose is accumUlated during the first second

whereas when q = 2000 tons and the distance is the same., up to as much as 80% of

the dose is accumulated during this period, P•g. 72 shows a graph for the

accumulation rate of the gasa radiation dose for an intermediate caliber atomic

bomb. The data given in the graph: according to forelg literature, corresponds

to the distane over which a dose of 400 roentgens should be obtained.

The relationship between the gamma radiation dose and the power of the

explosion is shown in Fig. 73-. Using the graphs in this figure we can determine

the distance from the center of the explosion where the given dose of guam

radiation can be expected, if we know the power of the explosion in terms of

kilotons of TNT equivalent. ftch graph shows a certain dose, to wit: 30, 100, 300

and 1000 roentgens. These graphs can be used to prove that during the explosion of



I an anic' bob with a equivalent of 20 kilotona, a 4do& of 30 reateas in

otied• at the distmae of 1T50 m, and that the asm deso is obtav• at A

SAt the present time the foreign press contains reports to the effect

that anti-aircratt and aviation jet missiles can be fitAted vith atmle charges
intended to destroy targets in the air,

When the explosion occurs at a high altitude, the ewitted g rays

and neutrons are propagated through rarefied atmosphere and, consequently, are

weakened along their journey from the point of explosion to a lesser extent.

let us see how the destructive range of penetrating radiation varies

for an aerial explosion, compared vith an explosion near the ground. For the

sake of convenience and greater lucidity we will consider that if the atmic

explosion has occurred at a certain height H, the object destrored is also at

"this height. For exmplep at a height of 10 Im It iS reduced by a factor of 3#
I

at a height of 20 kn by a factor of 14p hence the variation in attemlation of

the penetrating radiation with height is very considerable.

The effective distance for the absorption of go== radiation increases

with a decrease in the air densityl)

•*l =o I9• ,

vhere i0 is the effective distance of the absorption of radiation in air with a

densiy' of 0 (normal near the earth);

4 is the effective path of the gm= quanta in air vith density f W(at a

height )

Table 22 below gives the effective distances X 4 calculated for different

altitudes. It is ass-imed here that the atmospheric conditions by the earth are

such that w 250 m.

Mms, as the altitude of the exlosion is increased from 0 to 20 km,

the thickness of the air layer weakening the gam radiation 2.7 tUmes is increased

by almost a factor of l4.
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Fig* 72 Accumulation rate of the gamma radiation dose for

an intermediate caliber atomic bomb
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Table 22

j totive path of Sw= qmnta.

I Height of exp~osion 0 5 10 15 20
t

0 i3I 4200 740 Iwo0

rappJl•ng thks equation we can determine how the destructive range

of the Sam radiation varies during an explosion at a set height. Calculations

shov that the dose vhich can be obtained in a groundlevel explosion at 1 kn is

created at approxiste4 2 I= when the height of theexplosion is 10 In and at

4 kn when the height of the explosion is 20 lkn.

2@ Neutron radiation.

The neutrons formed during an atanic explosion are subdivided into

instantaneous and delayed neutrons. The instantaneous fission of neutrons hqve

energies, beginning with thermal energy (0.025 ev) und ranging apprcnimtely to

14 Mev, the mean energy being about 2 Mev.

The release of instantaneous neutrons occurs during the fission of

nuclei and therefore takes only a few millionths of a secoild. As they pass through

the material of the bmb, particularly the casing, the neutrons Interact with the

atomic nuclei and experience delay or capture.

It can be considered that the neutrons are not absorbed for practical

purposes by the bomb casing; the cawing flies apart without having time to capture

thei. CosequentJy almost all the free neutrons, that is to say those not taking

part in the chain fission reaction, emerge into surrounding space. Nevertheless

a large quantity of these neutrons are greatly slowed down by the bomb material.

For purposes of convenience in the equations given below the subscript "off"

V is not used.
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Teuixg oea~ o l wrmleeaaedfiu W er h center of

tthe exploioa, forming a peculiar kind of "neutron, alai".
A ccp tive, 1 ud ffe neutrons psthrough tebmt

V easing wuithout being moderated. rd~ke the gesm rays, these neutrons spread In

all directions from the Point of explosion.
4

DelMAy Meuroas are emitted by awe of the fission fragments duing

the few seconds or so folloving the explosion, and are not. therefore moderated

by the bcmb material. In the fission of atomic nuclei of uranium 235 by thermal

neutrons# 0.73% of the total number of neutrons obtained are delayed neutrons;

during the fission of plutonium 239 the number of delayed neutrons is slightlyr

loes - 0.6% Their energy is approximately 0.4i - 0*6 Me,. It has been shown

by means of rapid chemical analysis of the fission products that the source of

the delayed neutrons is a bromine isotope with a half-life of 55.6 secondsj, sad

Iodine isotope with a half-life of 22 seconds, and certain other short-lived

fission fragments* Despite the fact that the proportion of delayed neutrons is

small, their effect on the neutron radiation dose may be rather largo. This is

because they are not weakened by the bomb materiial. The neutron radiation is

effective for a few tenths of a second.

The neutron flux is the characteristic used for a quantitative assess-

ment of theneutron. radiation from a nuclear explosion. The neutron flux is the

total number of neutrons which pass through 1 cm of surface threughcorb the period

of radiation. By knowinig the neutron flux we can calculate the dose.

To calculate the fast neutron dose as a function of distance.. we use

equations sinlar in structbwe to those for calculating the gonna radiation dose.

The proportion of neutrons in the overl dose of penetrating radiation

is slightly increased by a reduction in the caliber of the atomic weapon.

Furthermore,, the neutron yield during an atomic explosion and the neutron dose,.

as distinct frca the gamm radiation dose, depend on the design of the bomb and

the fissionable material. This is clearly illustrated by the graphs in Fig. T4~.
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Te baiez w ou *ded am Heros•b•a oombaled Uftlum 235 as the uelera 03TIOle .

Ma -ztato c charge In the bomb db'oppd (a Nagaski vas made of plftomixi. Smsg

Sbas vn qite different in design. Measurements have shown that in Riroshima

O there were approima;tely 10 times more slow neutrons than in Nagasaki; there were

approomatelv 3 times as many neutrons with enerm greater than 2.5 Moe.

14j to slowtas nutrons

M 0

•I.I .%

Dtoance from e-pc Vr -ee*p'os ion in m

Fig. 74. Vatiation in neutron fJx with distance (solid curves show
Hiroshima explosion, dotted curves show the Nagasaki explosion)

The damaging effect is mainly due to neutrdhs with energies from 0.2

to 0.3 Mev; the effect of slower neutrons mainly shows up in the formation of

artificial radioactive substances.

The total dose of penetrating radiation is determined by the sum of the

gamma radiation dose in roentgens and the neutron dose expressed in biological

roentgens equivalents. The dose created by neutrons over the same distance from

the center of the atomic explosion is lesh2a the gma radiation dose, which is

more than half the total dose ofpenetrating radiation. Hence calculation of the

protective layer for penetrating radiation may be made in masy cases from the

gammsa radiation alone.

3., Penetrating radiation &ur,&W a thermonuclear enlosion

Hydroen isotopes caspomded with lithiin, particularly lithiums dauteride
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are usewod as-mum explosive, as bas already been mentioned. Mwe mtro=

I ~ ~frM tb atomic aharge used for a tem ucerbomb explosion form tritium *o~nr t*
they react vith the nuclei of the litbium isotope

1Li .+. n -o IT' + 2He'.

A mober of onqplex nuclear reactions between the deuterium, tritiumt
and lithim release a large uantity of energy, same of thich is carried awy by

ML the neutrons fomed. Other reactions may also occur during a thermonuclear ex-

• plnsion.

The products of these reactions are mainly alpha particles and neutrons;

there is one alpha particle and one neutron for each pair of conbining deuterium

and tritium nuclei. During the explosion of 1 kg of a mixture of deuterium and

tritium the number of neutrons released is 1.2 10 . The explosion of 1 kg of

uranium produces considerably fewer neutrons. It is known that during the fission

of &wer* traitum nucleus an average of 2.5 neutrons are released. If ve assue

that 1 aeutroa Is 6-yent oi oustutning the chain reaction, while the remainder

* do not take partj the number of the latter is 3.8" 10 , that is to say 30 times

fewer than in the first case.

The penetrating radiation from a thermonuclear explosion is determined

by the flux of both neutrons and gema rays, which occur as a result of inter-

action between neutrons and the elements contained in the bomb material and the

air.

The destructive range of penetrating radiation is less than the distances

over vhich destruction by the shockwave and luminous radiation are possible.

This can be confirmed by means of a rough calculation.

Let us assume (quite arbitrarily) that atcmic nuclei contained in 12 kg

of tritium mixed with deuterium take part in the combination of these two isotopes.

In this case the reaction produces approximately 1.4- 10 neutrons. Let us further

assume that all the neutrons pass through the bomb casing without loss, taking it

that the nuclear reaction occurred inside the bonbp and that they fly asunder in
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suz~otowift 5"s. 0alsialaticms Show that 5 km from the site of the explosion

considered that these neutrons have Sawa~ of at least 3 MOT) a dose of I bra

eqa to1 .I as 2:e1:un that Vhen the I*l~ of the body is irradiated

Vith a dose of 100 - 200 brej, there may be slight injury., but not esndangering

human life. Thus, adestructive range of penetrating radiation with respect to

persons vho have not taken shelter is about 5 kmn. In actual fact this distance

should be much less since the neutron flux is weakened by the casing and other

* design elements in the bombj, and there is also considerable weakening of the flux

in the air. In the so-called bydrogen-uranium bombp the greater part of the

* eeplosion energy is released through fission of atomi~c nuclei in the uranium

casing* Here, just as in the atomic bombj, we find the formation of fission

fragmentes instantaneous gaurz* radiation and neutrons. Hence$ when determining

the dose of penetrating radiation., the hydrogen-uranium bomb can be considered

an atomic bomb, and the sawe methoids as -irs set forth above can be applied.

4. Calculation of thickness of defenses

Weakenin of arma radia6tion dose* Calculation of the weakening effect

on gwai radiation doses made by different forms of~ protection can be made from

the equations given in Chapter IV. Buat an exact calculation nn the basis of these

equations is fraught with great difficulties. This is due to the fact that the

gamma quanta emitted by the fission fragments show a great variety of energies.

While passing through the air to a given point on the earth' s surface, they

interact vith the atoms of the air., Hence the energy spectrum for gamme radiation

arriving at the surface of a protective obstacle becomes still more complex and

the theoretical determination of the attenuation and accumulati~on factors,. which

depend oni the quanta energy.. proves extruemely difficult.

vCalculation of the degree of weakening of the gam radiation dose by

any obstacle can be made with fair accuracy on the bads of experimental data from
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nua teate. Daig tese tests the th•ckness of the half-veakening ISM d is

I ItPip 1 1vt for a vide bem of Samm rvay., and then the is no need to make

correctins for scatter. In this case the equation for the veakeningof the

oma radiatic- dose acquires the following form

1)

from -hich the degree of weakening is equal to

K = 2h/d,

where D is the dose in front of the protective obstacle, the thickness of which

is h;

D is the dose behind the obstacle.

It is known that for soil d - 14 cm, for lead 1.8 cam for concrete

10 cm and for steel 2.8 cm, and so on.

Fig. 75 gives the thickness of different materinIs needed to reduce 1he

g amm radiatim dose by a facto of 2, 4, 8 and 16.

It can be rougbly concidcrcd that in substances which have aplroxUiaitrd

the same mean atomic number the attenuation factor is directly proportional to

the density of the substance and is a function of the gsmna quantum energy. For

the gaz= quantum of the given energy the attenuation factor is onlv a function of

density of the substance. In this case equal amounts by weight of different

materials are recquired for the same degree of weakening.

Table 23shows the density of certain materials used for protection

against penetrating radiation.

The density of wood and earth may vary by a factor of 1;' or 2 in

accordance with the moisture content and compositionj hence their ability to

weaken the ganma radiation may also vary.

Let us find the half-veakening layer, let u= zV, f_- wood, knowing

that it is 1 cm for soil. The mean density of wood is 0.9 g/cm , and of soil

1.6 g/cm*. The half-wakening layer of wood will be as many times greater as

that of soil as the density of wood is smaller than the density of soil.
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Fig. T5 Weakeniiu orf guWa rxdilatiuz in penetrating radiation by different

Table 23
Density of sone materials used in defense constructions

Material Density in gr/cm2

11.3

1.0

Stee ooos 84640094 o* *f* as Gofe7.6 - 7.9

Wood:

dry birch ........ 0.5 -0.8

d=~P birch ........ 
-.o.....0.60 . 1.1

Conret~e* %eeolooe oeogooo a*ooo see so so 1.8 - 2,5

Ordinary brick*.... o ..... o............. 1.6- 1.6
SC~ rebthe.°,,..,,,.,,fee,..**.a.,..,.,.....,.. 1,38- 2,0

.1.3-2.0
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In the same wy ve can find the half-weakening layer~ for WWy materials.

Let us nov set curselves .another problem. How can we dtmine the

* tbticIess of the layer of given material needed to reduce the gamnradiation

several times?

Let us asmie, for instancep that we are required to determine the

thickness of the soil covering a trench in order to reduce the dose by a factor

of 50.

To solve the problem we use the equation we have already met before

In this example, K - 50, d - 14 cm and we are to find h.

The problem can be solved by means of logarithms

Ig K- .-- Ig 2,

from which
h==d 1 2

Ig 60 - 1,?;

Ig 2 = 0,3;

h=14 80 cm
0,3

A slightly different problem can also be set. We are required to check

whether a ready-made installation will weaken the penetrating radiation.

Let us auswu that we have a cellar with a roof 0.8 m thick. By .hat

factor does this layer of concrete reduce the radiation dose?

In this problem h = 80 cm, d = 10 cm and we are to find K.

SobutioL. Let us find the mwnber of half-veakening layers in the layer

0.8 m thick
A 85

S10

S Now let us deteinie the degree of weakening

K=t=256.



T ,a layer of concrete 80 as thick reftces the g radiation ao

by afaotm of 25&.

1'When maki-A these calculations we have assmend throughout the sun

values of the half-weakening layer as has been found for the most favorable

I ircumstances. In other words, we have taken it that the gomme rays reaching the

ground at different distances from the point of explosion, possess roughly the

same energy. In actual fact this is not the case. The energy spectrum of

ggamma radiation varies with the distance from the point of explosion. The gamea

radiation spectrum also varies when it passes through a protective obstacle.

-f the gama quantum energ becomes less, the weakening of it by the obstacle is

more efficient; a layer of reduced thickness is required to halve the dose.

Thus, in certain cases the halfweakening lUyer for concrete may be 7

or 8 cm. Hence a concrete wall 50 cm thick brings about a reduction in the gama

radiation dose by a factor of 32p if d = 10 cmp and 75 if d = 8 am.

In a number of cases, therefore, the calculated degree of weakening i--

less than what actually occurs, or in other words, the thickness of the pro-

tective area includes a greater safety margih,

If the protective barrier consists of several layers of different

materials) for example soil and concrete, soil and wood, and so on, the degree of

weakening has to be calculated for each layer separately, and the results multiplied

together.

WeakenMnI of the neutron flux. The degree to which the neutron flux is

weakened -when it passes through a medium depends on the energy of the neutrons and

the chemical composition of themedium. As is known, the fast neutrons are poorly

absorbed by practically all substances, so their velocity of motion has to be

reduced at the beginning, after which measures ensuring total absorption can be

taken.

A good neutron moderator is water. The delayed neutrons are successfully

captured by the hydrogen nuclei. But during the process ganm rays with high energy
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are gLves aff and the layer of vater needed to weaken them bas to be Tftrl rge.If we add a sml quzntity of boron to the wter, let us say in the fom of bor 41

acid, the slow neutrms are zainly absorbed by the boron.

For protection froa neutrons and gea radiation when working with

nuclear reaotors, use is commnLy made of concrete. The concrete contains .

.bdrogen ad other comparatively lieht elements (otygen, aluminmn, silicon and I

calcium). As they pass through the concrete, the neutrons are moderated and

absorbed. Gema radiation is also weakened extensively by the subsIances contained

in the concrete. A

For an approximate calculation of the weakening of a neutron dose we

can apply the equation in the form alre'c'r familiar to us

where D is the neutron dose in front of the obstacle, the thickness ofmhich is h

D. is the neutron dose behind the obstacle;

d is the half-weakening laver.

The quantity d. is a complex function of the neutron energy and is

usuMly determined experimentally.

For neutrons vith a mean energy of 2 Mev, the path in water is abcakt

cm, wnile the half-weakening layer is about 3 cm. It is interesting to note

that with respect to weakening neutron radiation iron behaves in more or less tht

some way as water - its half-weakening layer is slightly more than 4 an.

Tests carried out with neutron fluxes in nuclear reactors show that to

weaken the neutron flux by a factor of 2 we need to have 8 - 10 =m of ordinary

concrete.

On account of the high penetrating capacity of gma .reWs and neutrons,

ordinary clothing and personal anti-gas defense measures may not protect humans

from their effect.

Protection fran Rtnetrating Lsdiati on. Natural cover should be used

for protection froa penetrating radiation, e.g., folds in the terrain and local

features, as well as artificial constructions - various fortifications including
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Covered ostrutis for protection fromn t e t of the shcov&ve

usually provide protection from penetrating radiation as veli. The ga rays and

- neutrons are veakened as they pass thrugh the layer of soil and the Nvelp over the

installation, and the greater the thickness and density of the protective layer,4
the more this is so. In covered slit trenches and ditches, the penetrating rad-

iation is reduced by a factor of 25 - 30. Dugouts and shelters, which afford more

reliable shelter for personnel, have a layer of soil above the top of at least 1 m

ak thick. In ugouts the penetrating radiation dose from an atomic explosion is

"F apprcximately 200 - 300 times smaller than on the ground, and more than 2000

times smaller in the lighter type of airraid shelter.

Open trenches and dugouts reduce the dose of penetrating radiation from

an aerial atomic explosion by a factor of 10 - 20. Supposing the dose of gama

radiation is 500 roentgens on the ground, in the top half of a trendh it is

apprcximately 20O roentgensj and on the bottom of the trench decreases to 50

roentgens. In this casep both the gamma rays as well as the neutrons are absorbed

by the walls of the trench to a great extent. But certain number of gam quanta

and neutrons get Into the trench from the top where there is no protectionp on

account of scatter in the air.

7ig. 76 shows that the penetrating radiation dose in a trench is

determined principally by the radiation scattered in the atmosphere.

Scattered radiation also gets inside so-called semi-covered constructions

with different types of entry holes. The stream of g rays or neutrons finding

their way into the shelter through the openings are further scattered on the inside

of the wall. This scattered (reflected) radiation may cause damage or injury in

certain cases at points which are not directly in the way of the incoming beam of

quanta and neutrons.

The dose in a semi-covered construction depends not only on the power of

the explosion and the distance awy., but also on the position of the opening with
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Fig. 76. Diagram showing effect of penetrating r&iation on an object in a

trench.

respect to the center of the explosion and also the dimensions of the opening.

Good protection fron penetrating radiation is provided by tanks. The

armor plating of a medium tank reduces the radiation dose by a factor of 10 - 15.

But it should be kept in mind that the armor gives considerably less protection

from neutrons than from gmma rays. Furthermore, radioactive isotopes may be 4

formed in the elements making up the armor plating.

5, Destructive effect of nenetrating radiation

Radiation thickness. The ditturbances caused in the organim by nuclear

radiation may lead to a particular form of illness known as radiation sickness.

The basis of this disturbance of the physiological processes has not so far been

fully discovered. It has been found that the greater the radiation dose received,

the more serious the case of radiation sickness. Studies on animals and experience

gained in working with x-rays show that the way the dose is received is of extreme

importance: mhether over a prolonged period or in a short time, whether received

by the entire ortgalsm or by one particular organ. It seems that a human being can

stand a dose of 50 roentgens without afte~ffects if irradiated all over the body

over a short time and in one go. The tissues in the organism are able to recover

by themselves if they are not damaged extensively. Hence within certain limits

irradiation in small portions over a long period is less harmful than brief

t irradiation by the same total dose. For eample, 2900 roentgens are required to
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cause fa~tality smama pun., pip, irradiating them each &ay (for eight hean)

? . w~~ith 4-4)i ormtpMs., *ereas the asam fatality vas observed idm they wre re4

qiated 9.11 at once with 300 roentgens.

When a human being is su~bjected to Overall irradiatfn in doses ranging

from 50 to 100 roentgens, we observe the first signs of radiation sickness without

incapacitation. Higher doses of radiation may cause radiation sickness. Radiation

sickness of VAqyi i, severity may be caused in different people by the same dose.,

according to the resistance of the organism and the general state of health.

The general regularity governing radiation sickness is an inverse relation-

ship between the period it takes to develop and the dose -the greater -the dose, the

shorter the period over vhich the sickness developes.

How does radiation sickness occur?

Imediatelyv after the effect of large doses of radiation, there is

usually developed a so-called primary reaction phase., vhich continues from several

seconds to several days and is marked by a feeling of weakness, gastric disturbances

and lose of appetite. There is also a change in the composition of the blood.

Then comes the so-called latent period or period of apparent recovery. The overall

condition of the patient is improved and no o~utward,/ '~'illness are observed.

But during this phase of the radiation sickness there is a reduction in the nutb er

of leucocytes and thranbocytes in the blood. The latent period (incubation period)

lasts from several days to two or three weeks. The greater the radiation dose,

the briefer the period. Next comes the third phase of develoiaient of the sickness.

The patient loses his appetite; the gastric disturbances are aggr4vated, the hair

beings to fall ouzts there is hehorrhage and Sleeding (in the skin,. in the oral

cavity, etc.) and the moober of leucocytes is sharply reduced. This reduction

reduces the capacity of the organism to resiLst various infections.

This is why the basic complication accompanying radiation sickness is

usually an infecbawzs di~seases particarl~y angina. When the dose is cawparatively

weak,, it is not so much the radiation injury proper which is important,, as the
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wenreal rfwte iz t~he O ~ins" resisftwnce Ift4Mh fr time. to4. 'f.V

in oaeua coldsa iatestiml troubles and other such ailaeate.

SA oJar illustration of the change in the nMber of leucooytes, ery-

Sthrocytes and thranbocytes in the blood after irradiation is shown by the curves

0 . Days after irradiation

' J

•Ag. 77. VariAato :in the nimber of leucocytes, erytr•o- a. .. r.boc..es

in a human being subjected to a dose of 300 roentgens of gm
radiation: o tV• left-hand side there are three scales: the
figures on the •cale show the leucocytes in 1 m. ; the Er scale
shows the number of thousands of erythrocytes per 1 -mm. and the

Th scale shows the number of thrombocytes in thousands per •m.

As has already been pointed out, the reduction in the number of leucocytes

(white corpuscles) reduces the organism's ability to resist infection. The

deficiency of erythrocytes (red corpuscles) reduces the supply of oxygen to the

tissues, and the decreased number of thrcubocytes (blood platelets) impairs the

clotting of the blood, making bleeding more dangerous.

The third period is then replaced by the fourthp recovery. There is

gradual waning of the syaptcmus one after the other. in accordance with the

physical makeup of the patient.

There are three degrees of radiation sickness: minor eases, medium cases

and severe eses.

Mino oases of radiation sickness occur vhen the total. irradiation

dose is 100 - 200 roentgens and there are no typical symptoms. The latent

period may last from 2 to 3 weeks. Then comes general debility, nausea and
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I verTi~ps and the me of *bite cox7asoles in the blood is reduced Maw Is
F OU b reaover7 a rminor cases of radiation sickness.

~~ Radiation doses of 200 to 300 roentgens may cause sod= atrad&iatin

Salknel. Here the infection is marked by the same s'tans as for a minor case,

except that they are more marked. Given efficient treasnentp there is recovery

after one and a half or two months.

SSeXogcases of radiation sickness develop when the dose is greater

than 300 roentgens. It advances rapidly and the Xent period is cut down. If

treated in good timep the patient recovers in a few months time.

If the dose is 400 - 450 roentgens the outcome may be fatal in 50% of

the oases. Mis dose is often called the lethal dose. In accordance with this

the radius of the area in which there may be lethal irradiation is called the

lethal radius.

It in awsmed that the overall dose of 550 - D0 roentgens is fatal in

all cases.

A characteristic feature of the effect of nuclear radiation on human

beings is the relative slowness in development of the changes in the organism.

If the doses are very large, there may be so-called ray deAth occurring at the

moment of the actual irradiation. In animals this is not observed until the

dose is of the order of 100,000 roentgenso or more, and if the dose is 30,000

roentgens/hour death occurs 30 or 50 minutes after the irradiation commences.

During the atomic raids on the Japanese cities of Hiroshima nd Nagasaki

in 1945, the nm•ber of fatalities due to penetrating radiation wVa 5 - 15% of the

total number of persons killed. Unprotected persons up to 600 m frao the epi-

center of the explosion were affected b the radiation. Up to 1200 m the number

of dangerous cases rose to 50%, Bv-r at a distance of more than 2000 m there were

no dangerous cases of injury due to penetrating radiation.

As a result of the virtually simultaneous effect of penetrating

radiation, shockwve and lusinous radiation, most of the destruction was due to
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ecolSned facors$ and to jinl ý=t the effect of aw one of then 'anbte ue±S

rate me often ImOsible.

I Sane idea of the destructive effect of gms radiation and neutrons can

be obtained from the accidents ihich have occurred through neglect of the safety

Ur regulations. The" has recently been a report in the foreign press of two such

cases, one oc r at the Nuclear Pftscs Institute in Yugoslavia (October,

1958), and one at the Los Alamos Scientific laboratory in the USA (December, 1958).

PEaperimental research was being conducted in a reactor at the Nuclear

E Phyrsics Institute in Yugoslavia. A sudden uncontrollable chain reaction caused

so=m staff members standing near the reactor to be subjected to intense irradia-

tion by neutron and gamma rays for brief periods* Measurements and appropriate

c•lculations showed that the average dose received by the victims over the whole

organism was about 680 •1KE). For hree percent of this dose consisted of gamma

rays, while the rest was created by neutrons.

An accident occurred in the Los Alamos Science Laboratory in the section

in which the waste left over after removal of the plutonium was being clean.ed and

enriched. A supercritical mass was suddenly formed in the tank into which the

waste was being poured, and a fission reaction began. The foreign press reported

that one of the staff members received a dose of 12,000 ?1• and died 36 hours

later, two other persons Yho received doses of 134 and 53 M96 exhibited signs of

radiation sickncss.

Soviet literature contains descriptions of two cases of acute radiation

olkness, in which the patients received doses of 300 and 450 roentgens. The

acute sickness developed as a result of a brief, overall irradiation by ga

rays and neutrons vhen the regulations for operating. experimental piles were

violated.

Since the victims were at different distances fran the center of the reactor,

sme received a greater dose than others. The given dose is the average.
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treated the vietas at the First XnterumalMom Caofemaee = the Pea'eful Use ef

IAtomicEeg)
Zffective methods of treating radiation sickness are now being developed. 4

An obligatory conditi for treatment in a serious case is hospitalization of

the patient. Hospitals possess greater possibilities for ca.rz-Lng out the entire

set of curative measures.

Common treatment is the use of antibiotics (penicil1a:nO streptw•c.' A,

oreceuein and so on). Antibiotics, as it were, compensate for the reduced

resistance of the body to infection and are a widely recoumended IEoq of R r rMEN

?W e- aer-effeets of radiation sickness. The use of vitamin B,,. is recoeomed

Sfor restoring the normal cacezposition of the blood, and vitamins P and C plus

calcium preparations are recunended for cambating hemophilia and to restore the

r normal metabolis. Diet plays a very important part in the treqiuent. The food

must have a high calory value. it must be easily digestible and rich in albumin

and vitamins. large quantites of drinks are recomnended and also the use of

diuretic and pseudoirific treatment to speed up the excretion of the radioactive

substances from the body. If necessary) there can be blood transfUsions, and

injection of glucose and vitamin B and C solutions. This is by no means a

complete list of tome of the rnethoJ3 and means used to cure radiation sickness.

RadiUs of the destruction area. It has been found that during medium

and high power nuclear explosions the shockwave and luminous radiation have a

harmful effect over much greater distances from the point of the explosion than

the penetrating ralsation. But haenever the power of the explosion is relatively

sm=3., for example, a thousand tons or less, the penetrating radiation has the

greater destructive range.

lffet of venetrating radiation on uterials and ecuiment. large doses

of penetrating radiation (thousands and tens of thousands of roentgens) darken the

lenses in optical instruments (eSHs,, field glasses, rangefinders, etc.). Hence,
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oPtcal ±nabiuamts =PAs be protected, both from mechanical dam~le frM +,be

sheckg~e as wal as from the effect of penetrating radiation. photFagm;c film

can deteot penetrating radiation at considerable distances since a dose of two or

three rowaften is all that is needed to expose certain types of film.

The eTfect of nuclear radiation on photographic film • as discussed

earlier (see ph•otaphic method of measuring gam radiation); at this point ie

will explain briefl v1W this darkening of the optical glass occurs.

Pierre Curie and Marie Sklodoaskaya Our'.e noted in their tine, on the

basis of research, that all types of glassp porcelain and glazed pottery acquire

Sa violet or brown color in the presence of radioactive substances. It vas later

Sdiscovered that the change in color vas dhe to variation in the internal structure

and chemical composition of the substance,

The change in the optical properties of glass, which is an amorphous

(non-e=ystafline) adb•tanae, is minly due to the oxidizing-reducing prodaaes

vhich occur when there is an exaulimie of electrons between different ions. The

radiation-induced ionization of the atoms lead to variation in the valence of the

element# and new molecules may be produced as a result. For examplep in the

iron ozide molecule FeNO 3 the Iron aton is trivalent (Fe6"); ionization causes

it to become bivalent (Fe') and to form a ferrous oxide molecule FeO with the

oxygen. In addition there may be a reverse reaction - the oxidation of Fe-'*

Sions into Pe+* ions. Reactions of this kind may occur in other oxides, for

example, SiOi.

When many substances are irradiated vith neutrons, radioactive atoms

are fonred, and there sometimes appear atoas of new chemical elemenims. This also

causes variation in both the optic and other physical properties of the glass.

There is marked darkening of the optical glass whenever there are a

fairly large ==ber of violations in the structure and composition of a substance,

9 but for this to happen, as alreacV pointed out, the doses of penetrating radiation

have to be very large.
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Iaertn rsftatiom hes virtually no hezm3. effect an zUUTtm7

I t qpi~oiable A=e thW are gubjeicte to the effect of very large neutron or jpana

rqy fluxes (of the order Of 10 -0 neutrons or qanta per centimeter as.iared)o

Radiation of this ki~nd is only possible at distances from the center of

the explosica so short that all ctjects are destroved entirely by the shockwave

and lun-xs radiation.

IF

t
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1. 8S2owcs of raftton 0on terrin contamina~ted Vy ra&Aaeiyt

The locality of the m=clear explosion, the path along which the cload

formed &ring the explohion mares and also a'v equipwntp people or animals in

the open in the locality may be con=taminated by radioactive matter.

The radioactive substances contaminating the localitV during an atomic

explosion consist of the fission products from the nuclear explosion (uranimn or

plutnium nuclei) artificial substances formed by the effect of the neutrons

(induced radciactivity) as well as the unsplit part (that is to say the part "&ich

has not been involved in the fission reaction)of the atomic charge. Let us con-

sider in greater detail these three sources of radioactive contamination during

mn atomic explosion.

Pission groducts fr-an a Mclear ezwlosive. The fission products

(fragnents) are a mixture of a large number of isotopes formed from 34 elements

starting with zinc and ending with the rare element, gadolinium (see the periodic

table). Analvsis of the fission products shows that at the fission mainly pro-

duces isotopes of elements with mass numbers ranging fran 85 to 104 and 130 to

149. Fission into equal parts, which was mentioned earlier, is unlikely. Fission

of this kind occurs approxim tely 600 times more rarely than fission into unequal

parts, the mass mmbers of which are in the ratio of 2:3. The isotopes of the

inert gases., krypton and xenon) the metals strontim, molybdenumj and barium,

the isotopes of iodine and antimony, the rare-earth metals lanthanum and cerium

and certain other elements are formed in great quantities.

The following patterns of fission are the most likely:

903"4 + on' -+ ,9YO + $1" + 20n'

or yttrium iodine
,4Pu"39 + on' %tBa 1" + "$Sr" + 30n1.

* barium 'strontium
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% reftoaiyvs iecve of yttriw and lodie, ftmea dnuM fl• e• a

t do -~not-t t Luba I~ 1U*~A± zwli ndistaly. They 1Iflerga a -nfl obsin of suceeas-
ive beta dece•, in a mxver of *use the eection of beU vartaOles beinm aem--

Penied bV an emisioun of g-am rars (Fig. T0). The nmmber of decays accompanied

by gena, yaatA Is approxdmate~v 2 or 3 tdmes -A]ler than the total number of
beta decays.

SSince there is simltaneous decay of both the fragnents produced by the

explosion and the products of their decay, within a short period there are -bout

200 different radluactive isotopes, and a large quantity of stable ones.

The half-life of the radioactive substances obtained are extremely

varied and range fran fractions of a second to several years.

In ccnfrmatio. of this we wiri show the decay chain for a pair of

fragments, for example, barium and strontium.

*,Baus L._ La f- * Ce L Pr Nd
< -•.hl :5min 1.5 day 13,5 days

P _. _.. z

IgSr" L r Y t --. Zr.
2 •m. 6,5 min"

It shcatld be pointed out that the decay of barium and lanti-hnum is

almost completely over in the first chain within an hour. The radioactive barium

is turned into lanthanum. But the lanthanum is radioactive as well; vhen it

decays, it turns into cerium, the half-life of which is 41 days. In the second

chain both the strontium and the yttrium decay very rapidly. The decay is com-

plete within an hour and ends with the occurrence of a stable zirconium isotope.

The overall activity of the fission products an hour after the ex-

plosion is determined by the activity of the radioactive isotopes of the folloving

elements: kr1ytot, rubidium, strontium. yttrium, molybd.emnm, tellurium, iodine,

xenon, cesium, barium, curtam, praseodymium, neodynium, promethliw, samarium and

europium

As has alrea• boeen pointed out$ an atanic explosion produces a mixture

of a 3 rge quantity cf radioeative isotopes. In thid case the reduction in
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IMI

I ~activity emat be dote=4 ned rim the laew governing the radaosoU± Ceoq ot Me

Parti o e. Thi fan In activity of the waftets frm an atie exlosion

is calculated by an eeretiyderived equation
AZ=Ao or A-

mhere A is the activity to be dete after certain time t after the ex-
plosiotin

AD is the activity measured at sane other time t

For the solution of certain problems hich do not require a high degree

of accuracy we can use the above equation over a wide time range - several minutes

to two or three years.

It has been found that one minute after the explosion of an atanic

bomb with a TNT equivalent of 20,000 tons the ga=& activity of the fission

products formed is 8.2 *10 I curies. We should point out that the gamna activity

means the number of decays per second vdich are acccopanied by gama radiation.

Let us illustrate with an example the way to use this equation. Let us

find what the activity of the fission products will be a day after the explosion

of a boib with a ST equivalent of 20,000 tons.

In the given case•t a 1 day a 1440 min, t min and A0  8.2l- 10

cries

I140~-,2 214401-
A•8,2 ,O V0!l--i-)-!• 8,•14'sO'-- 1,3. 108 eurilesl

In the same way we can find the activity at any other mcment of time.

The table gives results of calculation of the activity with respect to the

initial value which is taken at 100%.

A very important practical conclusion can be drawn *'ron these data,

namely, that the radioactive contamination issof a relatively unstable nature and

that the degree of contamination is constantS7 decreasing.

ndteed radioactivily. Neutron reactions cause the formation of a
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large number of radioactive nuclei, isotopes of the initial chemaical element

being formed in radiative capture reactions and new chemical elements being

formed in other types of reactions. One such reaction is shown belowi

1.S81 + on' -I nP" + IHI.

The reaction products may also be non-radioactive. Let us give an

illustration of this. Let us assume that a piece of chemically pure iron is

subjected to the effect of slow neutrons.

The chemical element iron consists of four isotopes: Fe , Fe Fe

and re . The table given below shows what happens to these isotopes when cap-

turing slow neutrons.

Table 25

Abundance O-cap Capture Radioactivity Half li e Nature of radioactive
o in nature barns product radiation

Fe" 5,9 0,. Fe 2,9 -year Beta and gamma

MeS 91,6 2,3 Fe"
Feby 2.2 2,4 FeES
Pens 0,3 0,7 Fes 47Beta and gamma

The table shows that 93.8% of the iron produces isotopes found n nature

in the stable non-radioactive state when it captures slow neutrons.

let us consider the method of calculating induced activity.

If ve have a thin plate the surfaae of which receives a neutron streau

of uniform energy, the number of radioactive nuclei N, formed in the plate

over an area of 1 ml can be found from the relatioaship
N. - n9- , ocap"'



ibn is the nag= of atcmic nuclei in the material of the plate ftvrogh-

ft tlheh naurw flux: passes. I
It is here asuumed that all the nuclei capturing neutrons beeame radio-

active. Mhe equation is valid solely fcr a thin plate., that is to say for a plate

of thicimess vlah is such that the energy losses inside it are small. Otherwise,

the neutron energy woud be modified, and the effective cross-section al•ng vith

it.

The nmber of nuclei n can be calculated as follows. Let us determine

the veight 2 of the plate, taking its area to be I cm the thickness to be d cm

and the density of the mterial f g/Cm

O=d.p,

Knowing the atomic weight A and the mmiber of atoms in a Vram atom, ve

find

n=6,02 10 G=,02. -1023 A

Then

A

To find the activity, that is to say the number of atoms decaying in

one second., we must know the decay constant X1

a=X-Nbut W= 0,693
act T

Consequenty.,

a=6,02 10" S " 0,693

This is how ve find the m~nber of decays per second. If ve are required

to express the activity in curies, the number of decays has to be divided by

to
3.7 ".0

We finally arrive at a relationship for the activity induced in a pk te

of area 1 CMO"

i= 1,12. A TL3
A T

where 'R is expressed in seconds.
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I TLt us o3.ve an easy probim,

A 9 of alm n"rons IT 0 10 net,. /am 1*4jfies up= an al.mm

plate d. 0*lcmwith an area S= -o 1 * We are required to determine tie inaioed

a ct±iity given the premise that the reaction causes the fontion of an isotope

vith a mas number A = 28 and a half-ife T - 2.3 min.

For aluianumn

*a= 0,21 . 1O-' cM'; 2,= as,7

Then)
a • 1,12 • 0,1 2,7 , 1010 .0,2! 1

2,3.63

r--0,0000016 curies or 1.6 microcuries

The derived euation gives us the activity of an isotope immediately

after neutron basbardmentp or in othr words, iediate* after an atlm.e ezplosion.

As tine passesp the aetivity constantly dearenoec. In order to take the rMdio-

active decay to accCaut, ve have to add the folloving multiplier to the equation.

*-t=2-11? =

Then we get

A T: 2NT

where t is the time Vhich has elapsed since the neutron irradiation began.

All the arguments and equations given above hold for substances con-

"sisting of a single isotope. There are caqparatively few such subStances. They

include sodium, alumi=xm phosphorus, manganesep cobalt, iodine, cesium and certain

* other less c~cn elements.

Most chemical elements consist of several isotopes. That is still not

all. We rarely come across chemical elements in the pAre form. Practiqally all

the bodies surrounding us are ccnpownd, that is to say they consist of several

t chemical elements. When determining the activiW induhed by neutrons in a chemical

element consisting of several isotopes, we should keep it in mind that all the
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isotopes possess different pow-ers of nentro capture and as a result produce

Sradioactive viclei with different half-live,. Hence we must make the activity

calculation for each isotope separately and take into account the content, of it

in the given element.

If the substance is a chemical compound, we have to take into account
the content of the chemical element in the given substance. For example, in

I

alloyed steel we even have to consider comparatively small additions of such

"elements as manganese, nickelp chrome, molybdenum, since they are easilyactivated.

Neutrons released during an atomic explosion interact with the nuclei

of chemical elements making up the air, soil, water and varions installations

on the ground. As a result of the atomic nuclei capturing the neutrons, they

form radioactive isotopes which, as they decay, emit beta and gamma rays.
are

In the air, as has already been mentioned, the neutrons/only absorbed

by nitrogen for prActical purposes, and the two substances formed are nitrogen 15

and carbon 14. Nitrogen 15 is found in nature in small quantities. TMs isotope

is not radioactive. Carbon 14 is a slowly decaying radioactive isotope; by

combining with oxygen in the air it produces carbon dioxide which is assimilated

by vegetation in exactly the same way as carbon dioxide with non-radioactive

carbon.

The first compound on the list in the chemical composition of the soil

is silica SiOI, and it is followed in descending order by All05, FelO3 , K 0, Na,.,

MgO and CaO, together with various organic matter in the upper layer.

The induced radioactivity is not only found in the surface layer, but

also at some deyth. It is difficult, however, to take this into account by the

simpler calculation methods since the neutron flux and neutron energy are

contimually changing as they penetrate deeper and deeper.

Let us now consider which substances are contained in sea and river

water. As is knownp there is no completely pure water in nature. Being a good

solvent, water dissolves the matter with which it comes in contact and carries it
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along vith it* A liter of ocean meter contains an average of 33 to 39 g of
disso.ved lid, i unc-uing 24 g ordinaz7 salt. The is a•m "at in river

SIIt., but only. aver & i.sm-porton,

The salts contained in sea mater are distributed approximately as

f ollows: T8.4% cooking salt; 9.4% magnesium chloride (Mg~cl ); 6.4 magnesium

sulfate (?4g30 ); 3.9% calcium sulfate (CaS0,.); 1.7% calcium chloride (Ca~l..) and

about 0.2% of various other salts. Thus, sea water contains mainly sodium,

chlorine, magnesium, calcium and sulfur.

The induced radioactivity in water is determined by the content Ce

axdium and potassium salts.

The induced radioactivity in food products is not very high. Ebceptions

to the rule are products containing a large amount of comnon salt. Packing

material used to wrap food products may also become radioactive, glass acquiring

the greatest degree. Bat the effect of induced radioactivity on the degree of

contamination of packing material, as a rule, is less than the effect of radioactive

fallout.

A large number of the artificially radioactive isotopes have comparat-

ively short half-lives, hence an increase in the radimctive contamination

through this may be observed during the first few hours (sometimes day) following

the explosion.

The most substantial contribution to gamma radiation of the activated

earth during the first few minutes after the explosion is provided by aluminum

(T = 2.3 mn), o fterwhich, for the first few hours, come manganes ( T = 2.6 hr)

and sodium (T = 15 hr), and then after 200 hours iron (T - 47 days).

The non-reacted part .the atomic charge. We know that during an atomic

explosion only a certain part of the material of the charge takes part in the

chain reaction. The non-reacted matter in the charge is evaporated, is scattered

in the atomic cloud and falls onto the ground together with the fission products.

The nuclear explosives - uranium and plutonium - are alpha-active
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Ol t'Sn, henee as soon al they hae settl•ed on the ground the particale bome

,b s ources of alpha radiation. Bt the activity, both in uralai as vell as plutmiu

is very m-1 cacpared with the activitV of the fission products, since both

uranium and plutonium possess a long half-life. For example, supposing the weight

of the unexploded portion of the charge is 10 kg, its activity is 600 curie for

plutonium and 0.02 curies for uranium 235.

The extent of this activity is negligible compared with the fission

fragments. Hence contamination of a locality by uranium or plutonium is. of no

practical importance.

Miation of radioactLve Products from an atasic exPlosion. The radio-

active matter falling onto a locality from the at anic cloud he well as the matter

formed over the locality by the action of neutrons emit alpha parlicles, beta

particles and ganma rays. Let us consider the characteristics of radiation

emitted by the radioactive products.

Alaha radiation. Alpha particles are emitted during radioactive decay

of the non-reacting part of the atamic charge.

Alpha radiation presents the greatest danger when alpha-active material

gets inside the human bot•.

Beta radiation. Beta particles are emitted by the fission products and

artificial radioactive elements formed by the neutrons. Given the same energ,

the ionizing power of beta particles is much less than for alpha particles, Vhile

the path in substances is correspondingly greater. For examplej beta particles

with an energy of 2 Mev have a maximum path in the air of about 10 mo in water

about 1 cm, and in lead leasthan 1 am. It is very rare that beta particles are

emitted with energy more than 2 Mev.

Hnan beings sheltering in buildings are entire3•y protected from the

effect of beta radiation emitted by the radioactive matter fallng outside.

Clothing also absorbs a lot of beta radiation. Hence external irradiation by

beta particles is no great danger provided the radioactive material does not
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oin 1zo oc tct vith the open integuents, jpticularly the znoous mbrafts of

the -9709, nos* &Ad AMUt. DOba Patio1AM are Very dUngrOUs *en the radioactive

matter emitting them gets inside the organi•m.

Com- rdition, Gamma radiation is emitted on a radioactive contain.

mnated locality during the decay' of some of the fission fragments and atiicial

radioactive substances. In the given case the mean gaua radiation energy, which

is about 0.7 Mev, is less than that of the penetrating radiation. Since the Suma

radiation is ccntinually weakened as the energy decreases, the thickness of the

layer required for protection from gamma radiation in a contaminated area Is

naturally less than for protection from penetrating radiation.

Calculations show that to weaken the gamma radiation with an energy of

0.7 Mev by a factor of 2, we need a layer of lead 0.8 cm thick, or a layer of

concrete 7.5 cm thick. In the miffle of the! first floor of a two-story house in

a built up area, the radiation level is appromdm•tely 4O timeB loer than on

open terrain. Slit trenches with an earth coier 3.0 cm thick reduce the radiation

level by approximately a factor of 100.

On the basis of these data we can assess the degree of weakening of

gamma radiation by different types of shelters and constructions located in a

contaminated locality.

2. RaIdioactive contamination during different types of
atomic explos ions

Fallout of radioactive material from an atomic cloud. In still weather

the mushroom cloud appears as shown in Fig. 10. When there is windp the cloud

drifts and the column of dust (stalk of the mushroom) becomes curved. When the

cloud stops rising, it contimnes moving in the direction of the wind blowing at

that particularly height, and at the same speed.

It should be pointed out that as the height increases, the direction of

the wind is no longer constant, but deviates first to the left, then to the right,

and sometimes even reverses its direction. The speed of the wind also varies.
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Par ennplep in we re ±m the avei'e speed of the vind amer Y year ner the

ground us 5 g5.0t ihile at an alftidn of 4 km it va ~ba 13 n/seat

Sina e the radioaetive prothets are *1er finely atropsed during the
exploui on they are carried up to the upp layers of the troposphere or even

into the stratosphere, and are shifted by the air currents a long wq from the

The radioactive particles in the cloud collide with particles of earth -

dust - which are usually larger than they are, and adhere to them. This produces

radioactive dust which gradually settles along the path taken by the cloud.

The cloud leaves a "trail" along the ground, i.e., a long narrow strip

of terrAin contaminated by radioactive matter.

The rate at which the dust particles settle depends on their density

and size. If we take the density to be more or less uniform, the rate of fall

is determined by their size. The larger the particle. the faster it settles on

the groumd (see Table 26).

We should point out that particles with a diameter of 0.005 - 0.010 mm

are considered medium dust, particles of coarse dust possess diameters ranging

from 0.010 - 0.050 mm, particles 0.05 - 0.25 mm are classed as fine sand, and

finally, medium sand constitutes particles with a dUamuter of 0.25 - 1.0 am.

Table 26
Time taken by dust particles to settle from altitude of 12 ka

Particle diameter, ms Settling time

0,84 22 Mtn
0,5 420,15 2,9 ur
0:? OOS

0.033 1, dy0,016
0,006 28 days

Let us see to what extent the radioactive fission products fall cut

together with the dust. It ieems that only about 4% in all falls out with the

coarser dust particles, ct which there are cotaparatively few in the mushroom cloud

-266-



3 i4
I ~(Vitbs~n 22 Minutes), about 13% fall Out during the newt 20 minutes, and L14.5%

radioactive material settles over a period from 42 minies to 2 burs.

Tbus, about one-third of the radioactive matter fnoud by the explosion

falls out during the first two hours. The remainder stays in the air fcc a much

longer period.

Particles of fine dust 1 micron in diameter ( 0.001 mm) and density

" 3 9/erS settle at the rate of 0.6 cm/min. This is so slow that the dust may be

transported virtually anyvhere in the world by the wind or even go right around

it. Thus the presence of radioactive products, although they may be extremely

small in quantity, can be detected at great distances fron the point of the

explosion.

To take radioactive samples at ground level we use filtering devices

with a fairly high throughput, and variouslboard•-with sheets of sticky paper

are ijcmonly used to collect radioactive fallout. Furthermore, filters installed

aboard aircraft are used totake samples of air together with the dust contained in

it. Measurement of the activity of the filter and analysis of the samples is

carried out in radiometric laboratoties. Systematic observation of the air and

fallout enable us to detect nuclear explosions. For example, after the explosions

at Bikini in 1954, the radioactivity of rainwater sharply increased at several

places in Japan.

If we set up special equipment at control points at intervals of 2 or

.3000 kmo an explosion with a power c 1000 tons carriedout in the troposphere can

be reliably detected within 5 - 20 daysp the time of the explosion also being

determined. though with same inaccuracy. In certain cases we can determine the

approxim te place of the explosion if we know the meteorological data needed to

find the trajectory d the radioactive cloud and the dust particles.

Degree of radioactive contamination. The degree of contamination as

well as the size of the contaminated area depend on the type of the explosion. the

caliber of the charge and the meteorological conditions, the nature of the terrain
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and the soil. Te direction and speed of the wind have auicbierable effect a

the deip. of contamination of the different areas of the loality and sufaoee of

4 different objects.

The degree of contamination of the locality and the size of the contaminated

area decrease all the time as a result of the decay of radioactive matter as well as

the fact that they are blown over the surface of the ground by the wind, washed

away by rain or enter the soil.

The degree of contamination of a locality is most conveniently described

9L
by the radation-level, which is measured in roentgens per hour

By knowing the radiation level, we can restrict the external irradiation

dose, which is determined basically by the effect of gamma radiation. However,

in cases in which radioactive material may enter the human organism, this is

quite inadequate. In order to rule out the possibility of injury through internal

irradiation, we must know the concentration of radioactive material in water, airs

food products and also on the surface of the things with which we came into

frequent contact# (equipment, armularmored vehicles, etc).

This is why there is a second characteristic for describing the degree

of radioactive contamination - the density of the contamination - which is measured

by the number of decaying atons per minute per unit volume, unit w-ight or unit

surface (abbreviated to: k/min, liter, or decay/min-cm'). This takes into account

all the beta decays, including those wh:lh are not accompanied by gamma radiation.

Negotiations on the cessation of nuclear tests (documents). Supplement to

"New Times" No. 36, Sept. 5, 1958.

2)
In the case of radioactive contamination the term "radiation level" is used

much more frequently than "dose rate"p although they mean the same thing.
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hns, the presence of two oharaeterIstics for desoribixM eamtnim iae

is ta-tothe two possible my*s that rad±oative radiation ma affeet huma Ubingut

tirradiataio or the contamination of the integments by radioactive matter (external

imirraation) and penetration inside the body (internal irradiation).

There is a definite relationship between the eontam±Mtion density and

the radiation level.

* Let us imagine a cmpletely smooth flat surface uniformly contaminated

* by radioactive matter.

Radiation levels above the surface is proportional to the contamimtion

density and is a function of the height of measurement and size of the contaminated

area. The way in which the size of the area affects the radiation level when the

density is constant is shown in Fig. 79. At first there is a sharp increase in

the radiation level as the radius of the area is increased, but then the increase

becomes slower. For examplep at the center of an area with a radius ef 10 m

radiation level at a helvgbt, of 1. m iS approximately 50% of the tot, l posVfll8 ,

•Aich occurs in the case of an area of infinite radius.

As the height of the measurement point is increased, (for example, in

aerial radiation detection) the par't played by areas further a-*my is increased.

Supposing for examplep the height H - 50 m, the radius of the area over which the

radiation level is 50% of the maximum is increased to 100 m.

It should be kept in mind that in the case of a natural surface, such

as an open field, the radiation level measured at a small altitude is less than

the theoretical value because of the screening effect of the slight unevenness

of the ground.

Calculations show that at a contamination density of 1 curie/m the

radiation level in themiddle of a fairly large area is 5 roentgen/hour (H - 1 m).

Bt if the degree of contamination is reduced by a factor of 1000 (220,000 decay/

cm min), the level is also decreased 1000 times and becomes 0.005 roentgen/hour.

The mean gama ray ener•, is taken as 0.7 Mev for the calculations.
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Fig. 79. Variation in radiation level with increase in size of contaminated
area*

_8aAU@oatve contamination duing an aerial atemic exlosim. During an

eyxploslon in the air at a high altitude thu bulk of the rission products are

swiftly carried aloft by the ascending cloud. The radioactive contamination in

the vicinity of the explosion is only slight since only a few hundredths of a

percent of the fission products fall out onto it. The remainder is scattered

over a wide area in the "vake" of the cloud and is of no danger. Contamination

in the vicinity of the explosion is chiefly governed by the induced radioactivity.

But this activity, too, is only slight, since the number of neutrons close to the

ground decreases rapidly as the distance from the center of the explosion is

increased. Furthermore, the radioactive substances fored in the ground decay

fairly soon, hence strong contamination is observed for a short time afterwards.

After soveral tens of minutes have elapsed, troops may operate in the vicinity of

the epicenter without any risk of contamination.

It is known, for example, that during the explosions in Japan there vas

very little radioactive contamination of the terrain or the buildings in the cities.

During the aerial explosions near Bikini in the summer of 1946, the contamination

of the ships by radioactive material was similarly of little importance.

-270-



MAmAentire GMt&ia"S *u & IaMm Mn im. IMM th.

e.ouion occus in tie air at a low altitude, the oc ination is geatez-, In A
this case the fireball come into contact with the surface of the earb The -

crust of the soil is fused, mixes with the exlosion products and flung in all

directions by the shookwve. Mach of the radioactive material from the explosion

stays in the contaminated area in the form of radioactive slag. A great deal of

dist and fine slag particles vit- the radioactive atoms which have settled on them

is swept up into the cloud.

The mean size of the soil particles drawn into the cloud( during a ground

level explosion is considerably larger than in an aerial blast.

As the cloud rises, some of the coarser particles of dust and slag fall

out onto the ground in the vicinity of the explosion, ýc&pping up the radioacive

ontamination of the locality round about The fallfrout

continues in the path of the moving cloud, as well, causing the formaticm-of a

narrow strip of contaminste c terrain several km wide and several tons of km or

more in lengrt, according to the power of the explosion.

Fig, 80 shows h& the distribution of the radiation levels in the region

of a ground level explosion varies with time. The data are characteristic of cases

in which the explosion occurs during moderate wind and without rain. Close to the

center of the explosion the terrain is strongly contaminated, but the ares of

contamination is compsaiively small.

It is quite possible to ,ovi/ the contaminated area (towards the

center) in this came, too. Calculations show that at a velocity of motion of 50

km/our an hour after the explosion the maximum possible dose is not greater than

the dose permissable for single radiation.

The radiation level depends on the flux density of the g"am quanta

(number of quanta per I cm sec) and their energy. The energy changeh only slightly

with time, while the muber of Nam quanta decreases in direct proportion to the

reduction in activity. Hence variation in the radiation level over the contaein-

setd terrain is not determined very effectively by the 6ame law am for-the
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Fig. 80. Variation in radiation levels vith distance for ground level
explosion (q - 20,000 tons).

variation in activity, to wit

where P. is the relation level at a moment t after the explosioll;

P ia tho retiation level at the moment of time t

The level six hours later has decreasedIV a factor of 9, and a day

later by a factor of 46, compared with the ralaticn Level an hour after the ex-

plosion.

The total dose received over the time from t to t for example over

the time spent in the contaminated area when • may be the moment d arrival in the

area, that is to say the beginning of the irradiation, and t is the mcnt of

d.sappearance, that is to say the end of the irradiation, is determined by the

fOllcving equation

( IP 4" \ O~s

where P is the radiation level measured at the mcment t;

t ani t are the times of coicement ant completion of the irradiation.
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Intuequation t, ' an& t .are measured In hamrs beaiw Sn at the

Cf um~of .losion.

If the c€mencment of the irradiation coincides with the Mant that the

radiation level is measured, that is to say if t - t1 , the equation given above

an be written &own in a slightly dUifferent form, i.e.,

D =5P111 [ T .(A]

where P is the radintion level measured at the moment t after the explosion;

D is the radiation dose receivea between the time t and, the time t

If t is slftly larger than t , the total dose (desigeatel D,) is

calculated. from a simpler equation

D=ax5Pjtj r oerkt8e4'

This dose may be obtained over a long period in the c ctaminated zone.

Hence the maximum possible dose over a very long period of irradiation

cannot eee= d D • If the Piaition level is, say, 10 roentgen/her six hmua

after the eplonion, than = 300 luedLgenu.

Let us assume for the sake of convenience, that the irradiation begn

an hour after the explosion (t 1 hour) and P-= 1 roentgeniour. The doses

calculated. for this case when the irradiation lasts t time are shoen in Table 27.

STable 27
Variation in gemma radlation do•e with time (radiation level

one hour after explosion is 1 roentgen/ Ar)

t 6 hours 12 hours 1 day 2 days 7 days 30 days

roe1t.e 1,5 2,0 2,4 2,7 3,2 3,8

Naturally, if the initial readation level in not I roentge/hr, but, let

us say 10 roentgenir, the doses are increased accordingly by a factr or 10.

Fig. 81 shohs how the dose acculates over different irradiation times

"taking 100% as a dose obtained when the time spent in the contsainated lcality is

infinitely long, a&M that the Irradiation begins an hour after the explosion.
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It a•n be seem from the figure *hat considerable aou* of the total

does - about 500 - is dtatined by the organism during the first few bays, after

tLich the accuMULtion slows &0Vn somewhat.

During a p.ouncl level explosion, a large amount of radioactive dust fas

out in the form of a trail left by the cloud. It is poesible for terrain a long

way away from the explosion to be contaminated. For ewnple, during the Alamo-

gordo tests strong radioactivity was recorded several miles to the north and east

of the explosion point. But the total dose was harmless. It was reported that

radioactive (ust fell on the body surface of several animals 16 to 24 km from the

explosion. Several veaks later they developed ulcers at various places arAd the

ulcers soon healed and the effected areas underwent complete recovery.

The length and, shape of the radioactive "trail" depends on the speed and

direction of the wind at different heights. A trail in the form of an elongated

ellipee is tormed on open country when the dlirection of the wind is constant at

all altit'les in which the radicactive dust passes by. However, we must take into

account the possibility of a cbhnge in the direction of the wind at certain heights.

In this case the shape of the trail is also changed.

During a ground. level explosion, approxmaot.ly 65 - 904 of the radioactive

fission products fall out in the region of the explosion. The area of local con-

tamination depends on the nature of the ground, which determinu the amount of dust

thrown into the air and the size of the dust particles, as well as the meteorological

conditions at the moment of explosion, since these determine the direction of the

radioactive dust and the distance over which it is carried before managing to

settle on the ground. The area of dangeroui. conte~nation for a groundlevel ex-

plosion of intermediate power may be of tie nature of 250 kml.

The table below gives approximate data on the radioactive cotitaminution

for the gromdlevel explosion of an atomic bomb with a TN equivalent of 20,000

tons. The mean wind vebcity 24 kImre' The radiation levels were determined an

hour after the explosion with complete fallout of the r&&iOactiv4 oducts.
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I I hdiomctive ccnemiation by a jpmnulevei explosioal
SRadiation level IDistance from center of explosion, kmtoRa i ti n le e Width of cloud trail

roentgen/hour windward leeward

3000 0,16 I's 0~ 8

1000 0,35 3,7 1,!
300 0,66 8,3 1,9 S100 1,06 1.8.5 2.9

30 1,50 36,0 4.5

10 220 80 8.1

The comnencement of the falling out of radioactive dust onto the ground. frow
I

the atomic cloud. over the distance R fran the explosion when the speed of wind

V is moxtrat can be determined approximately by dividing R by V. For example,

supposing V - 20 km/tr, and. R - 40 kmn, the fallout of cust i" this region begins

approximately 2 hours after the explosion. During the settling time the activiw

of the radicactivity mutter is consideably decreased throu&h spontaneous decay.

Fig. 82 shows how different factors effect the fallout. AS the height

to which the particles of eqtal size ascend is increased, the distance frm the

explosion point over Vhich they dbtain the earth's surface (Fig. 82A) also increa-

ses. Hero the horizontal movement of the coarser particles is consid.&raoly less

than that of the finer particles falling from the same height (Fig. 82B).

If the vind speed. is increased at all heidits as shown in Fig. 82C , the

range of the fallout is also increased. The bottom drawing in the figure (Fig. 82D)

is a dlagram of the path of a particle varying in direction and magaitude (the

dlirection of the wind is shown by an arrov and, the length of the arrow is the

force of the wind).

1)
"The Effects of Nuclear Explosions", Washington, 1957.

2)
A moderate wind is a wind those irection and speed are Mean for the whole system

of winds affecting the radioactive particles when they move towards the earth.
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Fig. 82. Distance to a point of explosion over which radioactive particles
reach tho grou-d frau their aItituie of ascent (A) as fmiction
of particle size (B) and nature of the wind (C) an& (D).

The basic nature of phenomena involved in the fallout of radicactive ma~er

during a ground level explosion coes not in effect cleyend on the power of the

explosion. But the amount of radioactive fission products is proportional to the

TNT equivalent of the atomic charge. This fact gives us a very simple relation-

ship between the radiation level an& the power of the explosion

3 -3 -

In these equations Pa is the radiation level at h disoance R.an hour after

a groulevel explosion of an atomic charge vlth a iT equivalent q ( P is the

radiation level at a distance Rs an hour after the explosion of the chge q.

When atomic charges of a peo T equivalent of less than o00,000 tans are

exploded, foreign specialists radioactivve contamination for the

explosion of a M equivalent of 20,000 tons asf A basis Oa calculation -

The approximaiati lelaonshaps given above enable us to make some practical
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aloulatices more sainle. Let us illustnte this vith an exasple.

EaMUe. e MT equivalmnt of an atomic charge dnrlns a proun level

explosion is q- 75 kt. The medium wvind speed is 24 km/hr. We are required to

determine the radiation level created. over an area 55 ba from the center of tie

explosion in the directica of the wind at the moment of fallout of the radioactive

matter.

Solution. Table 28 shoms the radiation levels created when an atomic

bomb with a TIT equivalent of 20,000 tons is exploded. The known quantities in

this caseareq-75 ktq 20kt, R_ 55 km. Letus findR

R2-------35 10.

According to the table, at this distance R - 30 roentgen/hr, so P ,M 30
2..

,7 146 roentgen/hr. But the Aerived. radiation level could have occured

55 km an hour after the explosion, whereas the problem we are aet is to determine

the radiation level at the moment of fallout of the radioactive explosion products,

that is to say t - 55/24 - 2.3 hre 3ater. Over this period the radiation level

will have fallen slightly to P on accourtr of decay of the falling products

P-4 2,3-"'a- 17 -os .thrNur
So this is the radiation level which will •e observed at the given point

Immediately after fallout.

If the mean wind speed were doubled, the distance over which we couldetpect

this level of radiation would be approximately doubled as well.

Underground explosions. The characteristic feature of an underground

atomic explosion is the formation of a large crater and the ejection of a great

amount of so4.e Soue of the soil falls back into the crater, but the bulk of it

is thrown all round. The size of the crater depends on the depth at which the bom

vas exlod.e, oan the power of the explosion and on the properties or the soil.'
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An vniergpom exloeion results in very strong redicactive cont~ingtioa

I-,

SOf the locality S4oining the site of the explosion, since the reaioactive matter

1is flbmg about together with the soil over a comparatively Vie areaj an especially

large amount is left in the crater.

Mbe radioactive explosion products mi vith the soil then the latter is

ejected., so that they may be dletected, both at the top and bottom of a pile of

ejected earth. But the Same rays coming from the bottom of the pile are strongly

'weakened by the time they merge. A characteristic feature of radioactive contamin-

ation during an underground explosion is the fact that a large part of the radio-

active matter formed is buried. in the ground and cannot have a harmful effect.

The effect of the thickness of a layer of contaminated

ground on the radiation level above it Oeisit of measurement 1 m,) when the

radioactive matter in evenly distributed through the layer is hown in Fig. 85.

In this case the mean energy of the gaum rays in tuken as 0.7 Mev end the size of

the area is taken as fairly large. The graph in Fig. 83 shows that at the top of

a layer 5 cm thick the radioactive tatter produces apprcximtely 70% of themaximis

radiation levels; the next 5'cm at 18%, and only 12% is added after this. Thus, the

radiation level is almost entirely determined by the gamma radiation issuing from

* a layer of comparatively sli&t thickness.

It should be noted that when the measurements are taken a shcr t may -Ebove

the layer of active soil (K 1 m), the radiation level little depends on the

radius of the layer. Areas of the soil more than 10 a avay from the point of

measurement only constitute 10% of the total radiation level.

The thickness of the layer may vary slightly in accordance vith the density

of the soil. Furthermore, the distribution of radioactive matter in the soil

throvn up may be non-%niform; there is obviously more of it in the upper layer than

at the bottom.
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Fig. 83. dl~iation level above radioactive layers of different tbickneus.

If an explosio• occurs in ordinary sail not too far below the surface,

there may be a dust wave in the form of a dust cloud, moving over the surface of

the earth in the direction of the wind. 7he wave may create strong radioactive

contamination at considerable distances from the point of the explosion.

Zie radiation level for an underground. atomic explosion is greatly

A~ffected by the induced radioactivity, particularly in the crater or nearby it.

During the first few moments after tho explosion the radiation level in the crater

may be himdreds of thonsands of roentgens an hour.

In the vicinity of the crater formed by an utderground. explosion we can cxpscrSp.ov DOr

just about the same contamination as for an explosion on the ground, / Me

explosions conditions are the same. But the total area of contamination in the

first case is considerably less than in the second.

It is dangerous to stay for any length of time in the vicinity of the

crater, apparently for several weeks.

Underwater explosion. In an explosion unier the water, just as utder-

ground, almost all the radioactive fission products stay in the water. 7e degree

of contamination depends on the depth of the explosion, the nature of lhe reservoir,

the meteorological conditions, and so on. The radioactive contemination of the

water is furthe reased .by the fact that the neutrons create artificial radio-
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at
aftylvty in nevetal elgmmts makIng up the seaateu salt.s Mhe stability of thei t eetin ti is greatr tba In sa ffloice above vstes, Ibt lover comared. vith

an ergrounwd explosion. The reducticn in Inte•sty of the conmteiation is not

only due to the radimative decay, but also to the mixing of the contaminated water

Svith the clean vater roun. about ani the precipitation of radoactive particles onto

the bottom of the aorlake.

An underwater explosion, as we know, is acccopanied by the formation of a

base vave. Te propagation of this Vats and the fallout of radioactive rain in

the vicinity of the explosion contaminate various objects on the surface of the

water. hadioactive vater may render a harbor or estuary temporarily uselessi the

coastal regions may also become contaminated.

Te currents of the base wave is due to the presence of moist muses of air

in the vicinity of the explosion. Foreign literature contains comments to the

effect that the base vafe may not occur it the dry ad r masses are propondErant

during thc unDorvater e4lusioLi.

The radioactivity of water after an atomic explosion in the case of Bikini

(depth of explosion 8 - 9 m) is shown by the data in the table below

If the contaminated zone is crossed four hours later at a speed of 36 km/hr,

the maximim possible dose vhich could be received is not more than 15 roentgens.

But it would be dangerous for a ship to remain any length of time in the

contaminated region for the first one or two days.

Radcactive contamination of •ir. he radioactive matter from an atomic

explosion not-nbr contaminates the locality and all objects located on it, but also

the air. The contamination of the air by radioactive dust near the surface of the

earth depends to a large extent on the meteorological condition&, the vegetation and

state of the ground. Apart from dust, air contains gseous explosion pro&uct.,

particularly the radioactive inert gases xenon and. crypton. These isotopes, horever,

"7he Effects ofAttoic Weapons", New York-London, 1950.
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PAUiactive contlainti~n during va~vaezr oi. ____

Imean diamete of contamination maximum radiation level
T s hour zone, km roentgen/hour

38 7,7 10
69 12,6 8
so 14 1
100 15 0,

- 100 18,7 0,2
200 23 0,0o!

have a comparatively short half-life and their activity declines rapicily with

time.

The bulk of the radioactive matter, including the &ees, are contained in

F the atomic cloud formesd during the explosion. The atomic cloud is a powerful

source of beta and gemma radiation.

T-i-e h•ight to which the atomic cloud ascends depends on the power of the

explosion, the temperature graLlent and density of the surrounding air. During the

nuclear tests with charges of several million tons, carried out in the MA in 1952

and 1954 in the Pacific, the top of the cloud, as reported by the foreign press,

rose to a heightcd 30 or 40 bm.

Approximate data on the height of ascent and the size of the atomic cloud

are shown in Table M0.

Tab le 50.
Height of ascent and size of atoiic cloud as function of

power of explosion

TNT equivalent Height of ascent of Thickness of cloud Diameter of cloud
1000 tons cloud, km km 10 min afar explosion

• "3 2
10 6 2 3

100 12 5 10
IO0 19 8 30

10000 25 14

If an aircraft flies through the cloud, the crew is subjected to the

effects of radioactive radiation. The irradiation dose is &etermined, first, by
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* •.e rsd•iatc of the rat1ctive lattr Coaw ead In th clad. snd., soomd,
by the gama, beta efd alpba radiation of the coatmaiiateA air ewits tnag U theVaSicft, san, third, by the pme radiation of the radioactive mt-ter left on the

aircraft after mergintg fram the cl oud..

I Te effect of the am radiation from the cloum on the crew, or in other

words, the degree of external irradiation, depends on the radiation l2vel In the

t Cloud, the duration of the flight and the direction of the fliht with respect to

the cloud center. The radiation level in the cloud is constantly decreasing on

account of the decay of the radioactive matter and fellout onto the groumd. As has

alreeAy been mentioned, the size of the cloud formed diving the explosion increases

all the time, being spherical for the first few minutes after the explosion and then

becoming elongated in the direction of the wind, frming an oval. Me ko,v~i-Am

s aw¢' the explosion, the more blurred the outline of the .oud becomes on

account of air currents an& the more complex its shape. An hour after the ee-

plosion of an atomic bomb with a 7ST equivalent of 20000 W ona, the volume of Uie

cloua has attained 300 kmi. If the radioactive matter is distributed uniformly in
milicurie

the cloud, the specific activity is approximately equal to 0.02 per liter.

During the explosion of a 20 million ton bomb, the volume of the cloud

is approximately 10,000 I= an hour after the explosion , and the mean concentration

of radioactive matter in it is approxinmtely 0.7 milicurie jar liter. Inhalation

of this air could have serious consequences.

The radioactive matter is distributed non-uniformly throuh the cloud, hence

the radiation level, too, is not constant. Mi. 84 shows a possible graph for

variation in the radiatico level according to the section of the cloud. If an air-

craft flies throuh the cloud, even though it may be slisxtly off center, the

Based on data from the ook "Meteorological and atomic energy" Translation from

English. For. Lit. Press, 1959.
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gOiriction -of jlight

Fig. 814. Apprcmimate graphis for variation in radiation level according to
diameter of atomIic cl.oud.

radiation dose is considerably leas. If i'e assume that the radioactive matter is

d~istributed evenly though the cloud., the radiation level is m~aximum at the center;

it is approximately half an m~uch the time it reches the outer bouriary of the

cloud.

Data quoted in the press suggest that the done received by the crev

flying for I or 2 minutes througb a radioactive cloud is less than the pemissible

close, pro~ided. about an hour has passed since the explosion. But even in the event

that the fligbt occurs half an hour after the explosion, the doese throughout the

flying time is less than the permissible (lose for a single irradiation. TIhe dose

vill also depend on th6 desiep of the aircraft, slice gamms rays my be absorbed by

parts of the aircraft, fuel tanks, engine and. so cc.

A flight through the base of the cloud (dust colu~m) is safe. Mwe diameter

of the colum in 3.ss than that of the cloud, hence the duration of the radiation

is less; furthermore, the concentration of radioactive matter In the dust coliw

is only slieftt.
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SA mve danger to the crew may be p•easened by contmntiated, air fitn" it

ayinto the cabin. XIf we can in some Vey PrOC3IU&e the POSSIbility of air entering

the cabin, the effect on the crew is then only determined by the outside

radiation.

When an aircraft flies through the cloud, its external surfaces, enne

and certain other parts into which air may find its way become contaulnated. The

radiation from a contaminated aircraft acts on the crew for the vh. le period or

the flight, once the aircraft has passed through the cloud. A contaMirAted air-

craft is no danger to the crew from the point ( view of irradiation during sub-

sequent flights, but precautiemary measu-tea are requind when working on the air-

craft, particularly the engine.

It should be kept in mind, of course, that the greater the speed of the

flight, the less time the aircralt stays in the cloui and the less the Irradiation

dose.

•. Radioactive contamination • uring thermonuclear explosion

Radioactive contamination of a locality during a thermonu-clear explosion is

conditioned by the following two factors:

a) artificial (induce&) radioactivity in the soil elements;

b) the falloutof radioactive matter from the cloud.

In the case of a thermonuclear explosion we can expect greater artificial

radioactivity in the vicinity of theaplos ion, since the number of neutrons per

unit area of ground is greater in this case. If the explosion occurs at a high

altitude, the fallout of radioactive material is insigificant, si'Mce the bulk of

it is scattered through the atmosphere. A certain amount of radioactive dust and

ash thrown up into the atmosphere by the explosion may spread round the globe on

account of the gewral circulation of the atmosphere.

If the themonuclear explosions occurs at a low altitude, we observe

strong contsaintion both in the vicinity of the exploason as well as along the

trail of the cloud. During the hydrogan bomb test$ carried out by the USA on

-284-



II

Sii i i

Fig. 85. Diagram showing radioactive contemination in the vicinity of the
Sgroudlevel thermonuclear explosion on March 1, 1954.

March 2, 1954, at Einivetok Atoll (Pacific Ocean), the fallout c. ra4licactive

matter contaminated an area of the "trail" in the form of an elongated elipse, as

shown in Fig. 85. The strip of fallout stretched 550 Im in the direction of the

wind. and 30 lm in the opposite direction. Uhe drawing shows the radiation dcoses

which could have been received by spending 36 hours in the contaminated zone,

on can&ition the persons concerned were on open terrain andL took absolutely no

pi-OreCTIVC M easures. The dose created during the 36 hours following the fallo't

of radioactive matter may be 2000 - 2300 roentgeno at a distance of 160 Imn, and

2000 roentgens at a distance of 200 - 220 km from the point of the explosion. At

the widest point the strip was approximately 65 kn. Naturally, the data would

have b.een different under other weather conditions.

At the moment of explosion on March 1, 1954, there was a Japanese fishing

boat called the"Fukurui Maru" ("Lu#c1 Dragon") about 140 lu f1raom the site of the

test. At 3 am the fishermen saw a brownish-vhite flash of light mo the horizon,

and 7 - 8 minutes later they terie sound of the explosion. Mhe sky which had

been completely clear up to that moment became covered with clouds. Several hours

later the expanding cloud fron the explosion reached the fishermen. Mhe surface of

the water and the dock of the boat became covered with an apparently harmless fine

white dust which looked like ash.

The calcimzrbonate which is the chief component of the coral of the

island bad been turned into calcium oxide by the high temperature. During the

ascent end subsequent cooling particles of calcium carbonate were formed once more;
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the dionet.r %ea~ frc-- 0.M to 0.5 W, The' RZ=tff5f4j fw~ant -

vessel bftgn 3 hoss av& 30 alaute after the exploxialn t. hours.
The Japonese fisherentClmly Vent on fishing and had no idea of *he 1!MM/NcErW

danger. They could not have knoun what the fallout of dust involved or vbat effect

it could have. It cae to light later that the dust was radioctive and all the

menbers of the crew were contamimted.

Tbree days later they shoved trauma of the integuments and. sauptons of

radiation sickness began to develop. ýIe stricken fishermen did not return to port

until March 14, 1954, and it was only then that they receivAi. iedical aid. One of
_",U deY^%.*

the victims, Leikitui Kuboyama, diedvwhile the others -H,40 r .a'Vmg pejod of

treatment. Japanese phyisists made a thorough examination of other fishing boats

returning from the fishing regions in the Pacific. One boat, which had been cruising

1500 I= from Bikini on March 1, showed abnormally high radioactivity after its

return on March 31, 1954. Another boat thich had pesed Bikini at a distance of

about 800 km on April 16, 1954, elno provcd to be h1lily conteminsted.

When the analyzed the radioactive dust which fell on the "Fukurui Haru"

after the e:.plosion on March 1, Japanese scientists discovered a considerable amount

of umnium 237. •ihs isotope Is formed through absorption of one superfa t neutron

by the uranium 238 nuclieus and subsequent emission of two neutrons. During fission

there are extremely few neutrons with very high energy released, whereas during a

thermonuclear reaction they are present in large quantities. On the basis of this,

as well as - c-"--'consideration of the extent of contaminated area,

scientists concluded that 4 hydrogen-uranium bomb (thermonuclear charge with a

uranium shall) had been exploded. The UW hydrogen bomb tests caused unrest through-

out Japan, since some of the fishSoff the Japanese coast proved to be contamizted.

Thousands of tons of fish vere thrown back into the sea after a check. The

righteous indignation of the Japanese people was supported by millions of ordinary

citizens. TMe caipai, for the banning of hydrogen weapons, as well as all other

means of mass destructionwas Joined by the masses of populations of the whole

vorld..

-286.



lS

al bomb * If ve mak the casing of the hbyL en bo vih chmielal

Selements in vbIch the noutrow produce radioactive isotopes smfitt~in V=

and, beta particles, we can stop up the mount of ra4ioactive mtter fmed, during

an explosion. Mw half-life of these elements may be several moh or or

several years. The foreign press boa containes& many references to the fact that

cobalt as one ofthe most likely elements for a special tab aimed at long periods

of contamintion of a locality. Cobalt has one stable isotope Co * When a

cc C nucleus captures a neutron, it turns into the radioactive isotope Co which

has a half-life of 5 years and emits gamma rays and beta particles (low energy).

Apart from cobalt, use can be made of zinc, (Znt has a half-life T - 250 days),

Cesium (Cs , T - 2 years) and some other elements vhich have good neutron

capture ability.

Ilum, the cobalt bomb is not a new type of weapon in principle. It is a

hydrogen, uranium or plutonium bomb, the radioactive action of which is intensified

the use of specially selected elements.

'et us consider briefly the military possibilities of the cobalt bomb.

Supposing a hydrogen charip approximate]y 12 kg is srrromded. by a cobalt

shellin such a vay that all the neutrons are captured by the atomic nuclei in the

shell, then the total induced. activity will be more than a billion curies. But

a large amoumt of roaioactive cobalt is only formed if the slow neutrons react

with it. A nuclear explosion usually pxiuces fast and superfast neutrons which

slow down as they pass through the shell and are partially captured by the cobalt.

During the capture of superfast neutrons obtained, let us say, in the

reaction between deuterium and tritium, the atomic nuclei of radioactive mangnese

(nd, not cobalt) are formed, and. have a half-life of 2.6 hours. It must also be

taken into account that during the eoosion of a cobalt bomb fission products are

also formed. fron the atomic detonator. If a bomb of this kind. explodes in the air,

there can be no great contamination. At the first moment the contamination would

be approximately the same a. for a bomb without a cobalt shell. The radioactive
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c*alt faUllg onto the 1o0ClitY ItaEr=aes the OuAjTION Of the c .tuntlo. In

erti•f t erom it could Wevent a long stay in the locety, evenm at a s• con-

centration.

In a zinc shell the activity is dosens of times loses, an•d in a steel shell

tens of thousands of timess less tban for cobalt.

4.* Effect of meteorologdcal condlitions on degree of contes1Mti on

The degree of contamination cf a locality if affected. by the meteorological

conditions: win&d., rain, snow and cloud.

If the wind is strong, the cloud containing radioactive matter is blown a

long way from the point of the explosion and the radiosctive dust falling from it

is spread. over a vide area. In the process the size of the contaminated area,

particularly its length, is increased., while the degree ct contamination is re-

duced.

Mhe ireatiot a&M spee of the vind in the layers of atmeosphere near the

gr••und are influeinced by Uie Lopugrujhy of the terrain ELnd the vegetation. 'JIe

the relief, the more complex the motion of the air, and. this fact in turn

causes uneven contamination of certain areas. When the air masses move around

elevations and hills, more intensive fallout and the-refore more intensive contam-

ination are observei on the vindvard side. The leeward slopes are less contamin-

ated.

Ravines, gulches, various kinds of cavities and indentations have a great

effect on the spread of radioactive matter by the wind, over the locality. If the

wind. blows along a ravine, contamination at the bottom of it is higher than when

the wind blows across it.

Apart from wind, we have to take into accoui the vertical movement of air

masses, which is muinly governed by the temperature distribution in the air above

the ground. Hot air surges upwards, and the hotter the air, the faster it rises.

Cold. air comes down from the upper layers to replace the hot air, the movesent of

the air is thereV intensified., and- rticles of dust take longer to fall out. It
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1I 13Imparlsmt to =1emtm nd, ha, terrain come&e vith foret becomes contimizte4..
Obie-w-01 expect lea conteainiation in a forest at the moment of fallout thma on

tI
ope" terain.

Me opposite effect occurs, hovever, and is manifested after rsanuAU.

Movement throun a contaminated f rest ineftesee the danger of contamination an

account of contact with branches on which radioautive dust (or drops of water) have

s ettled.

In winter a snowfall helps the radioactive mtter to fallout of the cloud

more rapidly, and the degree of contemimtion is irae seed, while the contamination

of the air, conversely, is reduced.

Continued unovfalls result in the radiation emitted by the radioactive

matter being weakened by the layer of snow, but, what is more important, the danger

of people becoming contaminated when moving over the tervaln is reduced.

ClMu during all atomic explosion may be one of the reasons for a fall of

radicoctive rain. In this case, as also in the case when theexplosion occurs

during rain, the radioactive meter faSls onto the terrain together iith little drops

of water. There is more intensive contamination of the area over which the radio-

* active shower occurs.

A fall of radinactive rain may be explained by the factors as determine an

ordinary rainfall.

An atomic explosion causes large masses of air containing water vapor to

be drawn upwards. Consequently, as the atomic cloud rises, the flow of moisture

into the upper layers of the atmosphere is increased. Furthermore, the solid

particles in the cloudiktensify the condensation of water vapor. Fine drops settle

on these partic les with radioactive matter in them and may later fall in the form

of rain.

Investigation shows that in the troposphere there are sually mnoue

co•densation nuclei to produce clouds. An increase in the number of condemation

nuclei may lead to water vpor condensing more intensively and smaller drops
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beisng PrnUte.. SIs MY WPee up cloUA fOmtion to some ektsmt, but alows Iow

-the i-alpitaion, silce the fine drops cannot fall t earlh.

1 In SAe stratosphere conditions my be hlightly different. Uere there is

sometimes a deficiency of natual condensation nuclei, hence the addition of

Sredle, tive explosion prodfzts my promote cloud formation. But the amount of

water vapor in the stratosphere is very small, so the clouds foried cannot

produce precipitation.

A shaver of radioactive rain is more likely in a case in which the atomic

cloud, passes through the rain cloud., and as it were, becomes part of it. The

heaviness of the rain and the size of the region where it falls depend on the over-

all meteorological situaticn and on the explosion conditions. An explosion above

water during extensive clouds usolly is accompanied by rain. For example, during

the aerial explouion at Bikini in the Pacific there was light rain for 2 or 3 hours

after the explosion above the islan&. The main reason for the rain vas the presence

of rain clouds at a low altitude. The rain covered a large area, but there was only

radioactive rain in the area over which the atomic cloud passed.

5. Destructive effect of radioactive mterial

In a contaminated locality nuclear radiation may effect the hunan body in

two different ways: an effect without the direct contact Aith the radioactive

material (exteral irradiation) and the effect of radiation from radioactive material

coming in contact with the skin, mucous membranu or finding its vay into the body.

Radiation emitted by an external source may only damae the organism if it

possesses sufficient penetrating power. Consequently, external radiation is determined

basically by the effect of gamma radiation. Just as for gam•a radiation from

penetratingRMDbItion, this irradiation can cause radiation sickness, which has been

described earlier.

But as distinct from penetrating radiation, which only lasts for a few

seconds, gom rays on contaminated territory may act on the organism for a con-

siderably longer period of time.
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When rTacactive matril cmeo in contct with skIn, the al&a particle#

canot enter te i~ving tissue further tn the surface layerj althou* the bets

]prticles hive a longer path, they cannot go further than a few milAmetrs. The

effect of g rays is approimately the same as in external radiation. Sdio-

active material coming into contact with the skin in a fairly large amount, part-

iculArly the mucuous menbirnes of the eyes, the nose and mouth, masr cause inflamm-

ation and sores.

radioactive material gets inside the body more often than not together with

the air; this is particularly likely when moving along dusty, contaminated roeds

when there is a strong wind. Radioactive matter may also be introduced into the

body on food, water or by contact with contaminated objects.

What happens to radioactive mAterial entering the human body? The material

which by virtue of its chemical properties can form compounds is rapidly absorbed

by the orgum and carried , outad ti• • hole body ir the blood. HAtw•/ the lunge

or oeeor!Laus, it can bo dctmcted iu 'die blood within a rew minutes. The undiqsolved

particles stay in the lungs in different ways, according to their size.

When yttrium, zirconium, lanthanum, cerium and rufinium get into the Lungs,

they a-e transferred to the crganism without difficulty. The lighter particles of

the heavy elements plutonium, uranium, radium and so on,stay in the lungs for a

longer time. When entering the body through the alimentary canal, elements forming

soluble chemical compounds are absorbed very quick-y.

When the enter the organism, the radioactive materials are carried rourd

the whole body and in accordance with their chemical properties are retained by

certain organs. Some radioactive materials are isotopes of elements contained in

the protoplasm and in elements which take part in the metabolism (phosphorus,

iodine, sodium, carbon and so on). The radioactive sitstances which are not iso-

topes of elements present, in the organism, but are close to them in chemical

properties, either displace or replace the allied element.

iKny Wiac -Ave elments possess the power of selective accumulation in
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certain arpas or cells,, creting a hio ionization £misity * lodim* f tow male,

gather in the liver, and, so on. Th degree of injury &ereu on Abe Pamunt of

Sradioactive vaterial injuring the organism, the type and energy of the radiation,

the distribution of the material through the organism, the half-life period. and the

time vithin vhich the material is excrete&, and. on some other factors. On this

account the calculation of the close of internal irradiation by atomic explosion

products or any other mixture of radioactive isotopes is extremely complicated.

Such elements an , H , iv and. C1 are excreted, fairly soon

from the organism, much more quickly than by natural decay. In the case of the

short-lived. isotopes, of course, natural decay plays the main part.

Long-lived. isotopes constitute the greatest &anger among the fission

products. The list is headed by strontium 90, the half-life of which is 28 years.

Strontium is close in its chemical propcrties to the very comon element, calcium.

In the human body strontium behaves in more or less the same way as calcium and. may

replace it. Just like calcium, strontium is carried round the body and concentrates

in the bones, most of it in the vertebrae. Beta radiation from strontium may cause

the development of malignant tumors in bony tissue.

Strontium may get into the human body by indirect means. fIt may first be

absorbed by vegetation, subsequently consumed by livestock in the vegetation and

finally consumed by human beings.

Ihe International Commission for Protection from Radioactive Radiation has

fixed the maximum permiusabe amount of strontium 90 in the human skeleton as 1000 micro

1)
microcuries per gram of calcium . When it is considered that their calctum makee

up I.4% of the total veight of the humn body, ye find. that the maxizm permissible

amount of strontium in the body is 1 microcurie. This amount of pure active sterial

- - weights far less than 1 Mg.

T) he British Medical Research Council hea determined this amount as 100 micr-
microcuries per Von of calcium.
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Mwe hemful effect of zdioactive mtter WMes 2* hu.a body eoe In

W3 qsatiislhas been -zm ft a long time. For imple, In the t"eut sI

setrl cases of zoetcactive poisonin. vere knimf in the •UA s-n vorkers emloyed.

to PAN l=Jnious bICOVAUSI ciOC11d

PMicactive material entering the human body may cause radiation sickness

through prolonged action and the gradual accmulation of the changes it brings

about.

Radiation sickness caused by internal irradiation is marked by several

specific features. At points through which the radioactive material posses or is

secreted, as vell as in the organs and tissues where it is deposited to the greatest

extent, we observe a large number of inflamnatory areas and sores. There is often

inflaw tion of the lungs, especially vhen radicactive material is inhaled bgether

with air.

Continual tests with atomic and thermonuclear explosives brin about an

increase in the danger created by long-lived radioactive matter movlng ribout all

over the globe.

When an ordinary atomic bomb is exploded, the following isotopes have a

prolongod radioactive effect: strontium 90, cesium 157 and cazebon I4, the latter

being produced when the nitrogen in the air captures neutrons. If a clean hydrogen

bcmb (deuterium and tritium) is ezploded, the products with prolonged radioactive

effect are carbon 14 and tritium.

The radiation dcses produced. by radioactive precipitation falling all over

the world are very small. But the biological problems involved relate for the moment

to the least studied aspect of radiation injury - chronically small effects. When

radioactive material is taken into the human body, the stipulation is such that the

irradiation should not exceed the permissible norm both in the human body as a vhole

as well as in the oran where the irradiation is greatest (this istcalled the critical

organ). Calculations show that if atomic bombs vith an overall TOT equivalent of
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AflM-ATQ DIM MRS POE S I~

1. Fimiamenbals of anti~atauic Lefeue 31

A~nti-satmic aefease for troops consist of series ofprecautionE td

at disrupting an enemy atomic attack, providing protection f-or th troops antd

ensuring their fighting fit aces in cond~itions in vhich nuclear weapons are being

use&.

Anti-stomic defense includes discovering the enemy's atomic preparations

and thwarting the forthccming atomic attack; warning troops of the danger of an

atomic attack; deploying and camodflaging troops; supplying engineering equipment

to positions ani areas in which divisions are located and utilizing the natural

protection of the terrain; continuous radiation Mo,*,*r-oeo,:v and. the observance

of measures for protection aginst radioactive contamination and, finally, Liquid-

ation of the aftermath of an atomic attack.

The most effective anti-atomic defense measures are the discovery and.

disruption of the preparations by the enemy for an atomic attack. Uwe aim of these

measures is to learn the presence and concentration of means of an atomic ittack

by the enemy (guided missiles, rockets, atomic artillery) and destroy them in good

time.

A system of vatning of the impending attack must be organiged " that

troops can take timely measures to ward off the atomic blow v protect themselves
IF ,r O¢•CC ,CS.

from its injurious effect/ -Me warning is given when there is a direct danger of

an atomic attack and is CON ,eyIb by aeans of visual and aural signal systems.

The enemy will use nuclear bcds, generally speaking, in a surprise

attack. Tis follows from the fact that an attack of this kind is always pre-

pared with greater secrecy and can be carrid out with a small nudber of nuclear

weapon carriers. Furthermore, the suddennes f an atomic attack is made possible

by the use of long-range rockets.
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The damtion of the detruative tactors of ma atomic e leahion in incm-

ably aem bew thba wben ouemnW, al epleosive are weda. And sinee the overall

damp ete to an unprotected human being is determimi by the total effect of the

explosion ovetrhe total period af action of the destructive factors •viug once

seen the f lash of the atomic explosion, it Is still possible to be protectad. f: OM

it by swift action.

An atomic attack by the enemy caniot be a basin for ending hostilities.

Having heard or seen the atomic raid varning, troops must have their personal

anti-gas equipment ready, and then continue their particular mission. They must be

attentive and maintain calm, discipline and orgmization; the comanding officer

vill show them that they are to do.

If there is no actul fighting(v•en the sigral is given, troops must take

measures to protect themselves and their weapons AGw,6t damage By the nuclear blast.

Art4l2U., Wake, automatic gun empaeemeta and Vehicles =at be moveA into

shelters and troop. muct movc into ready-de dugo u-t ur shelters (Fig. 85a).

The last one in should shut the door behind him and cover over the entrance with

a screen. Chimneys and air vents in the shelters should be covered. over.

If there are no shelters nearby when the atomic alarm is sounded, any

fold in the terrain or local feature should be used as shelter, as shown in Fig.

82a. Rifles, instruments and radio receiving sets must not be left unprotected -

they should be taken into the shelter as well; inflammable parts of equipment left

outside should be covered vith canvas or some other kind of covering as protection

against the luminous radiation. Mmvement of troops is not halted when the alarm

signal is given. lMvers should close windows (hatchways, blinds) and stay in

place in the column.

Is it possible as a whole to protbct oneself from a nuclear explosion,

having seen the flash? Yes, it is, and in order to do so ve must know the

combat characteristics of the nuclear veapons, first and foremost the destructive

factors. In order o select reliable methods for protection against atomic attack
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ve suet knowhieb of w dess.ruelive frcers is the priancipa l , bow l@6 l iti f2.0staaa -&A~t iTht s~ee4 it spreaft d=O2 the air. Mils Vill enable us t find,

the r•at kind of shelter for personnel and to tke protective meanw"s asirst t*

atomic or ydrogen explosion.
F

It shouAl be recalled that the YrincipaL factor causing destruction In a

nuclear explosion is the shockwave. Although this wave spreads at supersonic

velocity, it can only cover distances of 1, 2 and 3 Ion in 2, 5 and 8 seconds,

respectively. The force of its effect on objectives located at thiA distance

lasts for about 1 second. Luminous radiadton is propagated at a very high

velocity. So all unprotected dbjects are subjected to its action immediately
after the explosion, • o three seconds. CGme rays - the basic component

of penetrating radiation - also hasan effect md1iately after the explosion, but

last for about 10 seconds.

By knowing these properties of the destructive factors, ve can select and

recommend defense measirep for persons ivho are unchcltcrcd at 16 ,Ment of

explosion. Let us consider an example of this.

Let us suppose that at the moment of an aerial explosion of an intermediate

caliber bomb there is a man 2 km avay from the point of explosion (Fig. 86). Let us

consider the effect of the destructive factors on this person. Along the hori-

zontal axis ve will plot the time t (in seconds) from the moment of explosion.

Since gamma rays and luainous radiation move through the air at a velocity of about

300,000 lm/sec, an unprotected person 2 kn avay experiences the action of luminoas

radiation for 3 seconds imnediately after the explosion and gamma raye for 10

seconds following it. Hence in 3 seconds the unprotected person receives all the

energy of the incident luminous radiation and in 10 seconds the total irradiation

dose.

The shockwave, the principal destructive factor, arrives at this point

(2 I= away) 5 seconds after the explosion. This is a very important fact, for

it provides us vith the rule vhich is recommended to follow in a nuclear explosion;
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baying sem the flu&,, vestunt iinedia'bely take iwiter vtbhin 1. or 2 seccuAs)

in a alit trench, craterj, or shal I holo) vIn 10 -i a *a ~ d.wu tC~?~
iatin, the ]minou rndiation nero and th shockve load nperienaed, by the

person are greatly reduced. In Fig. 86 this is shovn by the shaded area re-

presenting the effect of a nuclear explosion. If there is no shelter nearby, it

is best to simply lie face downvards, keeping the hands uwder the body.

In order to disgise the DisxcfAwN of troops, make it harder for the

enemyto carry out aerial or ground reconnaisance end. to reduce losses in the

event of an atomic attack, we resort to deployment and camouflaging. Camou-

flaging is attained by skillful use or the terrain, activity at night and poor

weather, the use of official and impmoised. means of camouflage and smoke screens.

Furthenovee, the use of smoke for purposes of camouflage also weakens

the effect of the luminous radiation.

As is known, the effiet of the sun's rays on a misty or cl3oudar dy is

coneiderably veakened on account of scatter and absorptidn of the colar radiativii

by opaque atmouphere. So if (here is a layer of cloud or mist between the point of

an explosion of an atanic or hydrogen boub and a particular target, the thermal

L
effect of the nuclear explosion is cbviously reduced. The damaging radii for

luminous radiation are considerably reduced in thick mist. For example, if a

nuclear bomb vith a TT equivalent cf 20,000 tts is exploded on a bright sunny

day, people in the open may receive first-degree burns as much as 2000 m avay.

But if there is a thick mist when the bomb bursts above the target, the damaging

radius is reduced from 2000 m to 700 m. This gives rise to the problem of

creating artificial mist or smoke screens able to reduce the effect of the luminous

radiation. In this case the tbbk smoke formed when liquid. or solid fuel is

incompletely burned can be used. to make a smoke screen. A smoke screen of this

kind several tens of meters high (an& of the same density as thick mist) may

reduce the davaging radius of the luminous radiation by 2 or 3 times. Smoke

screens may be used to reduce the damaging 4rfect on troops on points where they

are concentrated., to reduce areams of conflagration in populated points, naval
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Uses saA forst lani. Jig. 87 shows Ihe a&rm of d.es'trutci4 d. to Uz1aous

radiation &nIng the explosion of a atomic boub vith a STI Mluivalat of 20,000

tons; a circle with a raisus of Ii000 m is the limit of destruction on a clew day,

and a circle wit a redivs of 1500 m is the destruction when a aokesoream is

used..

Among methods of producing a smoke screen, are smoke bcabs and special

smoke machines and, devices. Artificial mist can be made by means of a water spray

from special equipment.

When making a smoke screen it is important to take into account the

weather in the vicinity of the defended objective, the temperature of the air,

the wind, the presence or absence of atnospheric precipitatio•n which determine

to a large extent the heidit to which the screen rises. Under certain circumsances

it may happen that the cloud rises higher than the point of explosion af the bob.

In thil case the liU1t rays are reflected from the cloud and this in turn increases

the destructive effect of the luminous radiation.

Smoke screens above great areas, apart from weakenIng the effect of the

luminous radiation, afford camouflage for the deployment and maneuvers of troops

and also hamper pinpoint atomic bombing. But in a number of cases Z may be Inad-

visable to cover wide areas with smoke for a long time since it hampers the

activity of the troops3 themselves.

Fig. 87. Limits of destruction areas for luminous radiAtica on a clear day

(4 b2) and when using anoke screens (1.5 km)).
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Os2 p occuples an InftsWat place *A atijo veapem mn we n. 86,1
te~,oW e1wtV--o. be Used for *12 Vape. To increase ther reisteue to

the effect o the shocwave, they should, be strenguea with outuid n minside

Sborses. To increase the resistance of caimuflage cov•inp to lusinoas zsation

use an be made of metal netting with interWwined metal shaving, atmoephere-

resistance paper or cloth treated with a fireproof compofition. Camouflage

coverings from improvised materials (reed, dry wood, straw, etc.), should be

iiprepste& or smeared over with a clay solution.

In order to reduce sharply or even completely eliminate the effect of

a nuclear explosion on personnel, armaments, buildings and equipment, positions

and. areas of deployment of troops have to be fortified by utilizing the protective

features of the terrain. Anti-atomic fortification of a terrain consists in

strengthening and adapting the terrain for hostilities. Radiation reconnaisance

is employe4 to detect rLioacmtive mteriul In goci tim, to d*t*w1*e the red-

iation level, to mavrk the cooiitaineted arcac of a locality, Wo ieck out the

waste and to warn troops of the Uangar of coutamitution.

Radiation recounaisance is carried out in all units and subdivitions

the whole time during any kind of fighting.

In order to restore the fiehting fitness of troops after an atomic

"attack, the aftermath or the latter bAs to be liquidated. This operation includes:

reacue work, repairing of equipment, extinguishing fires, restoring destroyedL or

damaged defense installations, cammunication lines, first aiL for human beings

and veterinary treatment for animals, as well as decontamination of equipment,

weapons, and. food products.

2. Inw.vidual and croup defense measures

Under condtitiorm in which the use of nuclear weapons is possible, in-

dividual and group methods of protection acquire wticular importance.

SOroup methods include the covering over of trenches, passage ways, dugouts,

special shelter*, various underground excavations and tunnels.
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I !reaches Sid cominaintu ;R8.snvye ame *0 basic miko& of fW1fyftg

Sad, dnriug the fortificatica of imctn linus vhile hostilities are going on.

I Trench"s an passagewasu are essential for mansuvering troops ant. eqmiiment,

I ~ard for en~gng the enemy, apart from providing protection, from baullets, sobrapoel, j

the effect of the shockiave, ponetratiug radiation man luminous radiation.

In order to improve the protection afforded, by trencihes and. passageway$,

they should. be dug to a depth of 1.5 -1.8 m an&. covered over on top. The coverings

are made of poles, logs, or beams L~ia~~ tightly together across the trench

directly an top of the soil and. then covered. with a layer of earth up to 50 cm

thickc. If the soil in loose, the walls of the trench are strengthened with plankcs,

poles, slabs or reeds. Ramparts and rear passageways are dug out In the trenches,

When viewed. from above, the trenches and. passageways shOUl& riot be run in~ straight

lines, but in 21g-xags thougft without sharp corners.

Fig. 88. Trench with covered. top and. valls.

During a nuclear explosion, it is possible that the materials fron which

the fortifications are usal way catch fire. Bence, the lining uf the trenches

an&. paslagemys as well as in other shelters should. be costed. with soil or clay,

and, with lime in winter. Every 20 or 30 m, there ahould. be gaps In the wells 2 m
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vids for firefiditing eju1lwat. A covaea. trueh witk line& wlls Ig 1033 in

vig. 88.

The uncovers& areas of the trenches contain observati on points, madLmn.

gun smp]Aoments en&a -s~iches for annaition, fool. ant. voter,*

Niches or dugouts (Fig. 89) are often built under the ramparts near

DR chine gun positions. If the soil is loose, the valseof the tN 1ci'eare strengtboned.

* with poles, planks or slabs. Ulbe entrance to the niche ban a. covering made of

planks.

Fig. 89. Niche below rampart.

The most reliable cover for personnel is the shelter (Fig. 90). It can

be either the lighter or heavier type and. is made of~ wood, or ferroconcrete. In

certain cases shelters can be built with corrugated. steel.

Heavy-type shelters protect personnel fron injury by an atomic explosion

when they are inside the area of the epicenter of an aerial explosion. Thbe

shelters possess these protective properties since they are strongly built and.

can vithstand large loads * Protectlion from the penetrating radieticai and. luminous

radiation, 4Ust as f rom shells ant, bombs, is afforded. by a sturdy covering and. a

very thick layer of earth.

Shelters are constructed. by mechanized. methods vith pro-prepared parts sand
structures. People in the shelters do not need to take personal protective



anum-w sie the shelter contan fitl.erin~g and Tantilation equLmen.]m, 21

air• intaeJs a"e fiJtted. V.h special ansti-exploeln vales.n, 1hic•h Peomts the

shockm~ve penetrating inside. In extreme cases th esbasut, intake eand other

orifices are fitted vith airtight covers vhich are cloed& by havA.

Ia

Airco ~ 8 ± f4 ov ~A# afr t aPQetive door

Fig. 90. Lighter type of shelter.

Shelters have two exits - a principal exit vith en oir3lok vith a

protective door and an airtioit partition, And an emer,-mcy ciit in the form of

a shaft, The entrance to the shelter has to be made airtidht to prevent radio-

active material getting inside the shelter.

Group anti-atomic defense measures sharply cut down the radius of de-

struction from atomic veapons. The otronger the construttica, the more reliably

it protects people from the explosion. The simplest fortifications reduce the

"destruction radius by a factor of 1-1/2 or 2, aen the stronger constructions

reduce it by a factor of 3 or more.

Aboard ship superstructures, 1pn turrets and armor plating are used. for

protection from the explosion. If there is no shelter nearby, nor any fold in

the terrain, persons should lie flat an the ground (deck) face down. By lying

in this way it is possible to avoid the injury from the shocklave or to reduce it

to a consideable extent and to save the face from burns. The haAis shoulL te

hidden uvder the body &as the eyes closed to prevent temporary loss of vision.

Soldiers inside tenks during the flash from an atomic explosicn should shut all
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ft Uner belnv the 1M of s theaiatiellt VA1Jr .=C~tSas -b
lulnnaf i'eastion prsn in th acko truck should lie on the flomr, U
if this is niot possible, they should crouch &own. In the gun turret of a ship,

when the flash ha. been seen the gunners inhould duck down immediately to avoid

being burnt by the luinin~is rOeliaticai.

* lTe &estructive range of an atomic explosion oan be consierably reduced

as a *whole by sheltering the personnel, and, as shown in Fig. 91, the stronger the

construction, the better the protection it affords. If we take it that the safe

distance fnr an unprotected. person during an aerial explosion is R, persons

sheltering in completed, open trenches will be uninjured at 2/3 R. Trenches

covered with beams and with a 50 cm layer of earth halve the destructive range,

vbLle dugouts reduce it by a factor of 3. Finally, persons sheltering in under-

ground, strong constructions mcre than 10 m deep will not experience any injury

at all even if the shelter is at the epicenter of an aerial nuclear e ".-!on.

Clearly, shelters of this kind. ac a adequate protection for al! types of destructive

nuclear action.

Shelters for military vehicles, armaments and equipment can be of the

covered or uncovered type. For armaments - machine guns, mortars, guns and tanks

are usually of the uncovered trpe.

.Enplacements for machine guns or artillery are guarded vith a narrow,

wide or circular firing sector (Fig. 91a). For mortars the trenches are made

deeper.

The trenches dug for tanks and self-propelled artillery when they are

in position include firing platforms, shelter for the t•S and fugoute for the

creows (Fig. 91b).

In areas there troops are vaiting to go into the attack and areas in which

they are concentrated, shelters containing dugouts for the crew are constructed

for tanks. B•sin-type shelters with A RMP for entry and dugouts for the
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drivers sbou2 be eam uobeG fo track San• tractors Oig. 91a). DiXtemt

F • •eqipment are kept In basin-type sheloters in the packed form.

Munitions are stored in crsap, gulches or special shelters. Fuels an&

lubricants are store& In basin type shelters. Fuel containers should be buried

i th e groxmi andL food and equipxeant in beat kept in alit trncnhes. Personal means

S~of protection are subdivided into issued, an& improvised, equipment. The Sao mask,

protective suit, protective overalls, protective cape, protective gaiters and

gloves comprise the issued equipment. Fig. 91c shows the personal protective

equipment for soldiers and sailors.

Gas masks are divided into the .solating and filtering type. In isol-

ating gas masks the oxygen is contained in a special cylinder and fed directly to

the respiratory organs as required. Filtering fps masks purify contaminated air

and afford. complete protection from the entry of poisonous and radioactive mAtter

Into the body or onto the integunents of the foce and head.

I •The anti-gas cape (or ground sheet) protective gaiters and gloves,

protective overalls,and suit and. apron prevent radioactive material getting onto

the uniform, footwear, equipment and uncovered partsof the body.

If there is no issued equipment available, improvised equipment is used.

A handkerchief, towel, wool or gauze, damped vith water from a flask or uncon-

taminated rater supply, can be useP to prevent radioactive material getting into

the respiratory organs. The protective gaiters can be replaced by sacking,

bast or rags. When lying down on terrain, matS made from uncontaminted twigs,

straw or reeds should be spread out underneath.

When the contaminated area bhas been captured, the gas mask and ground

sheet are not takmn off until the comm• ing officer says so. They bave to be

removed in a strictly IAVI down order. The solAier stands with hUs face to the

rind anu taking hold of the inside of the cape, quickly throws it off. After

"this he removs the gaiters, and then, still in the gas mask, carefully shakes the

cape, gaiters a&i, eaqupment. JAst of all he takes off the gas mask and gloves.
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" t visem p mretcis sent to the *m ina1tlon points or Itf no lo ,

issue& eqo-a.pmst for anti-chmical lvOteCtioM ig teste for rGUAtioU

and &eco nc mte& after use. Particular attention Shonud be given to deco-

tamination San dosntjmtric Inspection of the gas meek since ra•ioactive elements,

a source of harmful radiation may accumlate in the filter vith ties.

Radiation reconnaisance and monitoring

Radiation reconnaisance. One of the characteristic features of the

d estructive effect of radicctive aterial is •Ae impossibility of d~tecting the

radiation vithout dosimetric instrmnents. This is bocause, as already mentioned,

radioactive radiation does not cause any sensation vhen it acts on our organs of

senses. Nor can the radicactive material emitting this radiation be detected,

since, first, it has no specific properties (color, smell or taste) and, second,

the amount of material. even in strong contination, is a tiny fraction of a

gram per square meter.

This feature of radci ctive material means that is can have serious

consequences if measures are not taken to detect it in good time. Hence one of

the fundamental anti-atomic precautions for all branches of the forces is

radiation reconnaisance coupled vith monitoring. It should be stressed that

detection of contaminated areas in good time and area and personal monitoring

make it possible to avoid the loss of pasonnel operating in a contaminated

locality.

Hadiation reconnaisance is carried on the vhole time, day and night,

since the personnel may be subjected to irradiation unexpectedly and may have to

operate in the contaminated locality for some time.

2he purpose of radiation reconnaisance is:

1) to detect containated areas of the locality and to varn the relevant

cawarding officers in time;

2) to ascertain the extent of ccntrzination of the areas and to mark the
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Fig. 92. Si8 warning against radicactive contamination of areas:
a)official signs; b) improvised varnings when there are
no official signs avtilable.

Tie degree,.of contamination of an area is usually assessed in term of the

gnma redintion level (roentgen/hour) since thim radiation presents the greatest

danger to personnel. The monitoring devices used to wasure the radiation level

in roentgen/hour are termed r-meters. Apart from r-meters, very uimple sosimetric

devices - rsdioactivity indicators - can be used to detect conteminatiou.

Fig. 92 shows the official warning sigs. The warning signs are usually

placed on the boundary of areas with radiation level 0.5 roentgenfhouri But, as

ordered by the commanding officer, they tmy be used to mark areas with hiSher

radiation levels.

When measuring the radiation level it has to be kep mind that the level

4 depends on the time Vh~h has elapsed since the explosion as veil as the height at

Vhich the measurement is made, hence the time r.n& date of measurement are alway

indicated on the sign, while the actual measurement is taken at a height of 0.7 -

1 m. Fig. 93 shows the variation in the g radiation level with height above

a contaminted area. Mhe reaiatimn level at 0.7 - 1 m high is approximte4y half

way between the level on the ground and the level at the heitht of a bhan being;
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12" enables W ia ses the ofet of the ttiom • e boo as &'hat VMe.
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Lcal dbjeets acting as shields also have a markled effect on *at radiation

level. In a trench the radiation level is lower than on open terrain since *

Ilalls of the trench appreciably weaken The radiation from radioactive mterialIi
mling on open ground. Local objects such au lunpu of earth, stones and different

structures may also weaken the radiation level. All these facts should be taken
itE

into account when measuring it.

If there are no official signs available, contaminated areas are marked

with improvised sigms (ig. Seb).

Rdiation reconnaisance is carried ot by a monitoring scout who is sent

out to reconnoiter the arca of operations of the troops or individual routes. The

scouts usually operate in aremored cars or trucks. If the radiation level is high

or if the terrain is imlassab;le, the reconnaisance may be carried out in tanks.

SMonitorlng in trenches, passage ways and other f rtifications can be dare by

ecouto on foot. The monitoring of extensive areas and long highways can be

"conducted, from aircraft (helicopters).

'The scout uses r-meters for the monitoring operation. While in motion,

one of the scouts keeps a continual check on the r-meter readings. On the boundary

of areas with rudiation level of 0.5 roentgen/hour he puts up a warning sign. A

brief halt is made to measure the radiation, but the operation is carried out

inside the vehicle.

When reconnoitering contaminated areas occupied by troops, the scout first

measwres the radiation level at the places where the troops are located.

Aerial reconnaisance of a locality is carried out vith monitoring

devices carried aboard the aircraftor helicopter by flying consecutively from one

area to another in a given order.

On account of the considerable penetrating power of penetrating radiation

in the air, t4n p,#a instrvmienti aboard an aircraft enable us to detect areas
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Conta bsad, by pum.ctive isteias at heights appec~ably greater ~ thea*

-sa fe height for flights by aircraft (helicoptes ). e4vage tb

Th maximum altitudes Ar ki! 1C N ntsbeOd E5--yb

th lgh litdsa MU~ th M~~if~tston level becameu aumwasute with

the ntiasiy ofthecosic rdiaion Whereias te gamma rediation leve~rlS 4-'- v

with height fair],r rapidly, the intensity of cosmic radiation, conversely, is

appreciably stepped up vith altitude. Hence, even if we use extremely sensitive

instruments, the maxim= possible heights for detection of very strong contamin-

ation foci are not greater than 1000 m.

It should be pointed out that data such as the radiation level

on the ground and the boundaries of contaminted areas can only be assessed very

roughly by aerial reconnaisance, be thing is that an airborne dosimetric device

measures the Wam radiation level at the height of the aircraft (helicopter) aid

not at the grounwd level. To assess the radiation level at the ground from the

reLation level measured at a particular height, we m•,st have data on the reduction

in the radiation level with height, that is to say we hnve to hnov the attenuatic~t

factor of the radiation level as a function of the flight altitude.

But the attenuation factor depends both on the flight altitude as well as

the size of the contaminated area, its shape, the nature of the contamination

(uniform or non-uniform) and certain other factors. All these data, apart from

the flight altitudeare unknown during aerial reconnaisance, and this my result

in large errors in the attenuation factor. Particularly gross errors my be made

in determining the radiation level by the ground if the linear dimensions of the

contaminated area are less tan the flight altitude. Hence to obtain reliable

data on the "topography" of the contaminated locality, the flight altitude must

be as low a possible.

Mw shortcomings of aerial radiation rewa'isance due to the difficulty

of cbtaining detailed data on the radiation at ground level are fully compensated
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by tk. fact tha *a e of a aircraft v~Sas It possible to zrooaoiter anfa

'bmniyk-ara in a shot Uw. I

Wie is a very positive feature of aerial recommisance and enables us to

plan effeciently and greatly step u round recanaisane, as sell an providin UB

vith the opportunity of takng th necessary steps to protect troops in goodL time.

In a numer of cases aerial reconnaisance is virtually the only way of

discovering the radiation set-up. Otaer 'ays are reconnsimance of foci of very

strong contamination (areas close to the centers of ground level and unlerground

atomic explosions), reconnaisance of regions in the rear of the enemy abandoned

when our troops advanced, and so on.

Monitoring. Monitoring is one of the measures applied to protect personnel

from injury due to radioactive material. It is subdivided into external irradiation

monitoring and internal radiation monitoring.

Exernal raditi monitorins, is carried out to prevent pusonuul being

irradiated. above the aJ.lo'able nc.)-v, 'The (pe-r.tic. consists in m "anu-ing the

radiation dose obtained by personnel when operuting in a contaminated locality as

well as when working on decontaminating contaminated equipment and. weapons.

External ria(LItic.u wnitoring tn the field is c.inducted on the basia of gamre

radiation doses. It should be pointeA out that the principle protection vethodo

(ipecial capes, suits and so on), for protection from external gamma radiation

is no good at all, since a layer of lead 0.7 cm thick only reduces the intensity

of gamma radiation by a factor of 2. Hence, the chief precaution for persons

operating in a contamirated locality is to keep to the time limits within which they

may stay there. As soon as a man has received the permissible dose, he should be

insulated from the effect of radioactive radiation. On account cf the small

penetrating power of beta radiation, the possibility of people being injured by

external irradiation is considerably less than for Sanmu radiation. Indeed, beta

radiation is almost totally absorbed by the sole of a pair of boots, by any metal

sscreen a fey milimeters thick, atnl a strean of beta larticles at the level ofte
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fa at RoMaug vp is veakamed by at least a factor of 10.

t - Irradiation monitoring is usually subdivided into individuaal and. gromp

Individual monitoring is carried out to ascertain the radiation dose

received by each person during his stay in the contaminated area. . The monitoring

devices used for this purpose are called personnel monitors. The monitor measures

the total dcose in roentgens.

Group monitoring is carried out in cases in which the personnel of a

unit operate under more or less the same conditions and therefore all receive

about the same radiation dose.

To measure the dose during group monitoring use is made of r-meters and

personnel monitors.

SWhen using an r-meter, it is p3.ced'in the area where the personnel is

located at 1te point of gyeatest ra(liation level. The radiation dose in the case

or a constant ra.dintion level is deterained from the equation D - P - t, where P

is the gnmw radiation level, in roentgen/hours and t is th.e time spent by the

people in question in the contamited area in hours.

If the radiation level in variable (for example, vhen capturing a con-

taminated area with different levels), the mean radiation level is substituted

into the equttion.

When personnel monitors are used for group monitoring, they are issued to

Stwo or three soldiers. The readings are used to determine the mean radiation dose

obtained by the personnel as a whole.

Internal radiation molitoring is carried out in order to prevent radio-
rCczsrACt WIt'.

active matter entering the humn body or eOMI.M ,1VTO/ uncovered parts of it. In-

teal radiation, ai has alreadO been pointed out, occurs in cuaes in vhich the

radioactive material makes iix vay into the body through the avalloling or -inhaling

of contaminited dust, vater or so on. *t must be rmembered that radioactive

material spread over the surface or an object may be completely harmless from the



pe•ft of view of exsz al irradie4ati.ou, but &,ngWou if it camso ito d&Uet

contact with a bimn being and thereby has a chance of entering the orgvmlsm.

MKi1ta.w. equipment ftn o"-her con.8am:Lm.te, objecte are therefore a danger ihen being

removed from the cont*amnted area, unless the appropriate precautios are takes.

Monitoring also mnlse. measuring tje degree of contamiation of different

surfaces aud volumes . IM a cotamtnated location, the bete-sPot'.ve partiwr2es are

in practice the most Uangrous form at radiation if they get inside the body. Hence

the degree of contamintion is based. on the beta-active material.

5he unit of measurement of radioactive material, as is known, is the cuiie.

Consequently, the units used to measure the degree of contemintion of a surface or

a volume ought to be, respectively,

Curie/cm2, curie/liter, curse/cm.$ and so on.

ut the curie is too large a unit for the amount of radioactive material.

Nence, to 4etermine the degree of contamination of clothing, the surface

of the human body, the curfaces of military equipment, water, air Arna so on, the

amocunt of radioactive material is measured by the number of flecay8 of the atoms

per minute ( 1 decay/min = 4.5 & 10 curie). With this selection of units, the

degree of contamination of a surface is measured by the number of decays of atoms/

cm3  min, and for fluids as decays of atoms/coa min and so one

The instruments used to measure the aeiree of cortamination have come to

be called radiometers.

Monitoring is usually conducted after the personnel have left the con-

taminated zone, and also when carrying out full sanitary measures and &*contam-

ination.

Contamnation monitoring is carried out by chemist-scouts vho diermine the

dep of contamintion of the entire personnel, armments, equipment and the

effects. If the measurements shoe that the contamination is higher than the norm,

the personnel undergoes prophy3Attic treatment, and veapons, equipment and food

are decontamina ted.
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SI
Toble 32 Shows the b$Lsic types Of Mufttorg USOA to MOSSmue raU&atio In

44,a P4¶Ao3 . The seawing unit in 1ea.e monitors is the ionization dubot or lps

cotmter. AU monitors, except for indicators, are powered. by batteries.

Lat us consaer the working principle anM application of these monitors

in Cdetail.4

Table 32
General characteristics of field. monitors

-Type of Receiving Basic purpose Measured Unit of Basic
No. monitor device of monitor quantity easurement measurementsf

1 Radioactivity Gas-discharge Detection of Radiation roentgen/ @smma-

indicators counter radioactivity level hour radiation

2 r-meter Ionization Evaluation of Ditto Ditto Ditto
chamber contamination

degree
3 Radiation- Ditto Monitoring of Irradiation Roentgen

monitor exterior dose
irradiation

4 Radio- Gas-discharge Monitoring Contamination Decay/ Beta-
meter eminter contaminatiott degree min.cm2  radiation

of various Decay/
surfaces, min.liter
volumes

etc.

Radionctlvity indicators. The radioc3!tivity indicator is the simp-

lest field. monitor intended for detecting contamination of a locality by guging

the gam radiation dosage rate. The monitor starts recording the gwnm red-

iation when the latter is between 0.05 and. 0.5 roentgen/hr. Furthermore, the

monitor enables us to (etect beta radiation.

The basic parts of the monitor are an 8118-5 gs counter, a ctrrent

generator for a hand electro-dynamic torch, two neon tubes, a voltage stabilizer

tube (red) and a signal light (white).

The monitor is slung over the shoulder on - strap. Its weight is not

more than 1 kg. Fig. 94 sbows the outside of the monitor. There is a window

with thin celluloid at the bottom of the casing to give the beta particlea acesa

to the gas counter. When S radiation is recorded, the windo&w is covered with
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I

a mel Shtter.

To switch an te indicator, The eweut merator in "t in scumi.b

pseriodical7 squeeuing the handle. Frequency with vhich tbe heu&U Ia squeesea is f

such itat the voltae mtabilimue liU t glovs continually, gowing that the monitor

is vEIng normally.

SFig. 94. External view of radioactivilyindica tor: 1) generator; 2) neon signal

l11ýt 3) neon atabilizine eirouit liL1t.

When gmanna rai dLl acts on the cointev, current pulses are produced in

the circuit and charge up the storage condenser. * he neon signal light is

connected in parallel to the condenser. When the voltage in the condenser equals

the potential required to iEnite the neon light, the latter givos a flash and ite

resistance drops to a low value. 9bta makes the condenser discharge rapidly and

return to its initial position. The greater the .ttensity of the radiation, the

more frequent the current pulses. As the frequency cf the current pulses are

increased, the charge-up time of the condeser decreases, leading to a decreae

in the flashing frequency of the signal leap. The parameters of the circuit are

selected in such a way that sepAe periodic flashes occur when the radiation

ranges from 0.05 to 0.5 roentgenkhr. If it is greater than 0.5 rontgj/r, the

frequency with which the lights flash is stepped, up to suCi an extent that the

separate flashes merge into one continuous glow.

To check for contaminatiom of locality with beta-active material, the
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o -t:
a aetal sbutter.

To sitch a the in tor, te avzent beerator ig met in actim by

pe•iodca.lly squeeuing the handle. Frequency vith wich the handAl is q-eesed, is

much *hat the voltae stabiliser light glo continually, &owing that Jhe monit•

is working normally

Fig. 94. External viev of radioactivilrindicator: 1) generator; 2) neon signal
licht; 3) noon astabil~izig circuit ligit.

When &,ia radiation acts on the- ooonter, current pulses are produced in

the circuit and charge up the storage condenser. The neon sigal light is

con nected in parallel to the condenser. When the voltage in the condenser equals

the potential required to igit -' b ,ý,., !hTl., tbr !.tter iveas a fl!ah 'nb c its

rosistance dropa to a low value. This makes -the condenser discharge rapidly and

return to its Initial position. The greater the intensity of the radiation, the

more frequent the current pulses. As the frequency c the current pulses are

increased, the charge-up time of the condenser decreases, leading to a decrease

in the flashing frequency of the signal lamp. The parameters of the circuit ore

selected in such a way that sepa~e periodic flashes occur vhen the radiation

ranges fro 0.05 to 0.5 roentgen/r. If it is greater than 0.5 roentgfenr, the

frequency with which the lights flash is stepped up to such an extent Ust the

separate flashes merge into one continuous glow.

To check for contamination of locality with bets-active material, the
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shuttes coverlng the vindav at the bottom of the caing have to be Opened., and |

Variation in the flashing frequency of the signal light vith the windov open aid

closed shove the presence of beta radiation. It must be kept in miY thet vhen the

vinaow is open, the monitor is reacting to the total beta and Sum radiaton

S~intensities.

•liel& r-eter. The field r-meter is the chiC instrument used for ground-

level radiation reconnaisance. It is intended to measure gamma radiation levels

Sranging from 0.04 to 400 roentgen/hour. In addition to this, the instiuent gives

a rough indication of the beta radiation level. The measurement range is divided

into four sub-ranges. Fig. 95 shown the instrument from the outside. It vei~a

about 6.r kg and is serviced by one man who carries it on straps.

The instrumont consists of a sensing device (ionization chasber), an

electronic amplifier, a microamueter, vith its scale fitted to the face of the

Instrtment, and a power sonrce (battery). All the parts are mounted in a metal

caoing. At the bottom (undernenth the ionization chamber) there is a vindow

covered by a metal shutter. This shutter is pulled back when measuring the beta

radiation level. The chanber consists of an external electrode - a cylindrical

plautic box cctwg as the body of the chamber = ai. an ihternal T-shaped electrode.

A voltage of about 300 volts is applied to the chamber electrodes. The volume of

the chamber is filled vith air and hermetically sealed.

current
Unless there is radiation, there is no ?+M the electrode circuit,

since the air filling the space between them is a good insulator. If ionization

radiation occurs, ions are created in the air space, the positively charged ones

moving tovards the cathode (internal electrode) and the negative ones moving

towards the anode (external electrode). T directional motion of the ions is

the reason for the creation of a current in the chamber circuit. The magnitude

of the current is proportional to the dose rate.
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IBotme the intesrml electrodes aid. insulator 'there is a so-calle pr&j
i-

ring •Webh protects the electrod.e from insulator leakage currents. Lsilag currents

are alay. directed in the samd irection as -th ionization crrent and may lead
K

¥t to an inflated reading.

EE

Fig. 96. Simplified r-meter circuit.

Since beta particles only have slight penetrating power, there is a windowv

in the v--!! covered. vith thiin ellu~ivn foil.

Even when the rc4Uation level io high, the ionization current io only

billionths of an aripere, hence it must be preamplified. if it ia to be mcarued.

For this purpose this cathode circuit contains a high-ohm load reuisatince, the

voltage drop in which is fed to the amplifying tube grid.. The anode circuit of

the tube is connected to a microaminater with a scale g1¶adAuated in roentgen/hour.

Fig. 96 shows a simplif'ied r-qneter circuit. The replacement of sub-ranges is

effected by stage-by-stage variation in the resistance of the load in the chamber

circuit. At the fi±rst (mosvt sensitive) sub-range, this resistance amounts to 47

10~ ohms, while at the next sub-ranges it is 10, 100 and 1000 times samller,

respectively. The switch-over from one reottance to another is carried out by

means of the sub-range switch TTV, the manuil control -for which is attached. to the

front panel. The contact K, which is also on the front panel, is used to test for

a zero reading in the contaminated zone.* When the button is depressed, the load.

0*

resistance short-circuits end the ionization current does not cause any voltage drop

in it.
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T• slify the ionizatio C•urent thOre isa secaial elactronic tube -- mb

h as 0=8 to be called an te~atroutric tbebs zU otrouetriutu ~bes hav Xr of

Scharao•t•istic features: 1) the anotle voltage does not exceed 8 - 10 volta j

2) between the controlling gid and the cathoa there is a so.-called S

&Ti vhich helps to improve the amplifying power of the t1te at low anode volt-

ages;

3) a very large leaklge resistance between electrodes (as much as io0 ).

Like all field monitors, the fiell r-meter is intended for relative

measurements, that is to say it may only be used after calibration. Mbe isotope
&0

Co is usually used as the countel nmus source. The method of calibration is

simple. The gamma radiation level, at certain differences for the given activity

of the source can be determined from the equation

p roentgen/hour

Vhoe1- is the rcctivity of the sureoue In curies, pauged on the day the call -

bration vas carried ot,;

R is the distance from the source in meters.

During the calibration it is usual to check the correspondence between the

instrument reedings and the true radiation level at three points along the scale:

at the beginning, in the middle and att the end of each sub-range. The distance

fron the sourcA corresponding to the given radiation level P Is found from the

equation R 3(155 g). The instrumnt is placed with its underneath toward.

the source in such a way that the distance between the source and the center of

the chamber (the center of vhich is marked with a cross) is equal to R. If the

instrumwat reading at the most sensitive sub-rfnge does not correspond to the

theoretical value P in the middle of the scale, the sensitivity of the instrument

is adjusted. At the other sub-ranges there in only a check on the corresponaft"

between the readings and the theoretical alues of P.
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Iet ea~ cut imen roment it is essential to test the filmett
instrinut is sohme on the 11 ,•ich covers the control panel.

To measure the radiation level the Instrment irn usually placed 0.7 - 0.1

m above the 5round; as has alrea•4y been muetiolt, this heigt correepoa• to the

Smean rdiation level for a person standing on the ground. When approaching the

contaminated area, the instrument is switched on to the most sensitive sub-range.

If no radiation is recorded, '"t seconi eub-range Is iwitche& on and so on. In

* order to be able to replace the power supply in ood time and, thereby be certain

that the r-meter vill not conk oiut iuring operation, a calculation has to be made

of the time nuiung vhi* the instrument is evitchec on.

When measuring gnma radiation levels, the &izalumin shutter in the bottem

of the casing should be opened so that the beta particles can enter the chanber

vithout appreciable eborption, The difference in realngs vith the shutter open

en& closed., vhe-n r !ritpeýd by 10, giveRs the radiation level In roentyenAlour.

The instrumont can also be ti-jed to fin& out whether or not the loca.ity

is contaminated with radioactive material. at the point nt" measurement. To (o this,

ve open tie shutter in the bottom ean bring tax instrument close to the gound;

if the terrain is contaminated, the readings become several times greater.

Personnel field monitor. *'is instrument is ntended for monitoring the

external ga irradiation of personnel locatei in a contamnlrted locality. The

instrument contains miniature ionization chambers and. a charging-neasuring panel

(Fig. 97).

BY means of the same ionization chambers the instrument makes it possible

to measure doses from 0 to 5 roentgens (first sub-range) and from 0 to 50 roentgens

(second sub-rsnge). The Veight of the separate chember is about 15 g. The chaner

is made in the shape of a fountain pen and carried in the pocket to make it easier

to Use.

' The miniature ionization chamber consiste of an alminuma ylinder (exterml

electrode), with an aluminua ro& (internal electrode) rumVing along it* axis. There
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Iz

Fie. eYT. Outsite view of personnel nonitor and. chargiug-•aeuring panel.

is a condenser inside the chamber, one facing of vhich is connected to the cylin-

der, and the other to the aluminum rod. The chamber operates in the following way.

SThe chamber condenser is charged to a certain voltage by means of the cbqge-menaur-

ing panel. When gumia radiation acts on t he chamber, Ions are formed in the working

volume and as they move towards the electrodes, they create a current which re-

duces the condensa' charge. This reduction in the charge and, therefore, the

charge in the voltage, in proportional to the radiation dose at the site of the

chamber. By meamuring the voltage remining in the chamber by means of the charge-

measuring panel we can assess the dose. The scale of the electro-measurtng device

on the panel is graduated directly in roentgens.

Te chamber condener is subject to self-discharge as a result of inevit.

able le& currents. It is therefore desirable to charge the c rs and issue

them to the personnel Just before entry into the conteminted area; theme cbaibers

have to be treated carefully. Moisture getting inside the cbs er may cause in-

creased self-discharge, so the chamber should be protected frou moisture an rain
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I
S-F7 eo r -q tmr. Ito field r -ceter in used to meas ure th a lore o f can-

f taiatisone of a diferent sreface and tba so.l by beta and gemme active material,

as vall as to gaue the degree of contamt' tic of air., food and water, Parher-

more the instrmunt aan be used to measure low Sae radiatin levels in mill-

roentgens per hour. The degree of contamination of surfaces is gauped by the

number of decays per I cm per minute. The range of measurement f•or beta cantam-

instion lies between 150 and I million decay/cm rin, and for ga0ma radiation

between 0.03 and. 20 miliroentgen/'our. The entire measurement range in split into

two sub-ranges, controlled by a change-over switch on the control panel.

To prevent the instrument being damaged and to avoid large errors, it

should not be used under conditiors of high radiation intensity; the main pur-

pose of the instrument is to chece the contamination of different objects vhOn

Me r-meter consists or two blocks (Fig. 91): a control panel and t

probe. Telephonic earphones are also part of the equipment. The weight of the

instrument in 5,5 kg..

The sensing device used is the STS-5 gas countor, which is located in the

head of the probe. It consists of a steel cylinder (cathode) with a thin metal

filament, the anode, stretched along its axis. The space inside the counter is

filled vith a single atom Sas (argon) vith multiatom gas (halogens). A high

voltage (4O0 v) is applied to the electrodes from a high voltage generator. As

distinct from the ionization chamber, the coumter operates under conditions of

Was anp•ifiationj if a Sae-ray quantum or beta particle passes through the

counter and forms at least one pair of tns, an electric discharge occurs in it,

as a result of vhich a voltage is created in the anode circuit at the load re-

uistance. The d•ischarge lasts for about 10 secon", and. after it has ceased. the

"counter is ready to record the next particle. The nuser of voltage pulses in Ihe

circuit.per minute is proportional to The radiation intensity add the degree of
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Fig. 9.External viev of field r-meter.i

contamination of the surface above vhich the counter is placed, accordingly. As

soon as the pulses are amplified, they are turned Into direct curent, the

E1

setrength of vhich is proportional to the cuuber of particles recorded per minute.

The current in measured by means of a microanmeter with a sca-le shown on the

control panel (Fig. 99). On th~ltd ef the Insh-rme. there to a eallbywt-P table

vhich is used to convert the miCroammeter readingo Into tecays/min cm" (sca.Le

BIor B• 4 the table), and. into miltroentgen/hour (scale )when measuring

Sradiation.

Fig. 99. Control ie~ : Of field r-meter.
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si asOMA Ciaotss of head MA & a #tom. 2he is Joined to 1ae stm

by a Myiel hisp sal my be set In two positions: t stright (ifta the atm sa heat

are in a traight line) an& an angular position (as shown it Fig. 98). Te heads

cont~ai a hoale for securing the counter, an airtight covering vith perorztima s

covered over vith thin aluminum foil, and a soivelling casing m•.e of aluminum

4.6 = thick. The latter can be twisted and fixed in &iffezent positions marked

on the bead of the probe (Fig. 100).

SWhen measuring a weak contamination, the casing is twisted. into position

B1 (in this case violet tinted foil is visible through the perforaticns). When

measuring relatively strong beta contamination, the hed of the probe is set in

position B 1 . In this case the beta particles can only enter the counter unimpeded

through one narrow perforation.

Y or wn radiation the casing in twisted into positio• F . Here the'

couatcr is enclosed by a aluminum ahldld 4.6 =mi thick. This shield totally ab-

sorbs the beta particles vhile vitually not affecting the gam•a radiation.
It

Fig. 101 shows a simplified circuit for this inetrument. ionsists of a

aso counter, a high voltage generator to power the counter, a amplifier-restricter,

and. a device to meacure the frequency of the volt.meter pulses.

1 2

Fig. 100. ead. of probe: a) for muauring geia rLdiation; b) for measuring

wask beta contamination; c) strong beta contamination.

Th •e voltage pulses picked up from the load resistance in the counter circuit
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*hbei-Is- *6 SM1U~rL t Un1~e. Me AUGOcteircuit of this td~e *Onftai~n ftear-

Yhones and the first windizz of th trsasf o ar T. When the p~ulses bave baon
+:+2

amwlifie& a& limited in amplitude, they are fed to the diode section of the tube

L M. Te diode Circui contains an averaging circuit C#R, the aft of which is to

produce a direct voltage proportional to the frequency at which the pulses foll-

sach other. Fron the averaging circuit the voltage Iwses to an electronic voltmeter

=wi-h an amplifying tube (right-hand side of the tube L 2.), the anole circuit of vhichi i
contains the microanneter A. If the instrument is qelibrated, the variaticn in the

anode current of the tube tells us the number of pulses created by the counter per

unit time, and thereby the degree or contamination of the surface being examined.

The averaging circuit consists of the resistance R0 and the condenser C.•-0

conrecte& in parallel. T% counter does not disciarge at equal intervals, but,

ra r at ay UM at all (iA atAe with the statistical nature of raaiomctive

4,unay). Hence, the arbitrary ,,, Lj' of voltage signals in the averaging circuit

uwkes tem vrary about u mean value. 11he variation (fluctuation) is indicated by

the microammetor needle, and We less the number of signals per unit time and the

less the time constant of the circuit, the greater the fluctuation. Larrge fluc-

tuation is impermissible since it makes it difficult to take the reading. But

if it is not possible to increase the time constant excessively, since it deter-

mines the set-up time for the readings, vhich is one minute in the case of the

first range, and 0.5 minutes for the second range. This difference is due to the

fact that high intensity radiation is measured vith the second range, so the number

of pulses created by the source is greater and the time constant may be less at the

same flucte•tion of the needle. The variation in the time cmnstants is attained by

varying the resistance R and t1d capicitor C 0 of the averaging circuit when evitch-

ing one sub-range to another.



TI

I

I Gas PO ntr

Fig. 101. Simplifie& circuit for field r-meter.

In order to prepare the instrument for measurements the folloving is
If

necessary:

1) Iue control. panel 1r, siunf Ot walot 1ovCl by Ineants of straps fi that

ifthe readiros can be conveniently taken.

- 2) T11 ,rdbe aid earphoneu have to be coinec-tod lo I'; e control panel

(at nitittime te illwiination for the scal.e Is awitched on).

3) 'The power system has bo be checked at 0 (inatrtictions for checking the

instrwuent are given on the 1ida)).

Whet1or or not the Inatrutwnt is working correctly is indicated by the

buzz in the earphones from the high voltage generator amd the clicking soundn heard

at intervals flue to the effect of" natural rad-ioctive radiation and cotmic particles

(when there is no radiation, the needle should not be deflected more than 8 to 10

divisions on the first sub-range). In order to check the working order more

thoroughly, use can be m~de of a control preparation vhich is part of thd kit.

When making measurements, the probe is held in the hand and the head of it

is brouht vithin 1 - 1-1/2 cm of the contaminated surface. The head of Me probe

should not touch the conta inted surface since it may became contami±sted vith

radioactive naterial.

As has already been mentioned, the instrument has a relatively high set-up

time, which may lead to a large amount of vested time during the actual monitoring.
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tims It 02ftM to Speed. UP CPatIOM it is ad'viuable to vas tbe beasAL~om. Me5.
recard. separate voltages in the form of clicks Vh±& are detect*&. by the ear

W 4

virtually vithout any tim lag. The use of the lhones makes it possible to ditect

spots vith a relatively high degree of contamintion very quickly, and. this saeda

%P the monitoring of d.ects with a large smwface (tanks or aircraft).

Yleasumment of the degree of contamination can be carried out fairly

frequently if -here is considerable gamma background. This background may be

created by Sa radiation emitted from areas a long way away from the region of

the surface close to which the counter is placed. For example, a monitor insime

an aircraft =y b' affnete& by ga& a raalatiou emitted, by radioactie materfal on

the wings, tail unit and so on. On account of the great penetrating power of

gamsa radiation, it is not possible to prevent it having an effect on the counter.

Hence the &egree of contamination is determiuei by means of two measurements:

l) by me-surement of the total beta jarticle f lax Fnd. gamma ray quanta

(casing turned into position B3 or D.);

2) by measurement of only one gamua-ray quantiA fl.ux (casing birned into

position r ).

Thie differente between the firat anl second measurements shows the degree

of contamination of the surface.

If the gAmma background is low (0.. of the total beta or gan8a radiation),

only the first measurement need be taken.

As already pointed out, it is impossible to use the r-meter within a con-

taminatee. area of open terrain on account of its high sensitivity. In sich cases
US/I'

6
0

raeionetric measurementN S 7eAKiV 6 SMpLJCS OR/ "p"Jt6•1Ve properties

of fielc installations (dugouts, huts). When making beta measurements inside

installations, the background created inside by the contaminated terrain =ast be

taken into account as well. *

Food products as vell can be tested for contamination either by directly
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UMBUMSa th o of ccaunt~io of the surface of the products, or else 'by

taking saua1es. Pauý of the. vaseaeemnts of a Neamle of a cartain Veidit shOWs

the &agree of containA tion We gram of gLven product.* Water isy be tested by

immersuing the height of the probe. In Ibis case a thin rtibber covering is placed.

over the head, to prevent it Trom being contaminated by rad~ioactive materials5 in the

vater * 2he results give the degree of contamination per liter of water.

life monitor may be calibrated. from a. standard. point source of gaw rad-

iation (C# or by a stand~rd. beta radiation source, which in plate of a fixed

size with different 4egrees of contamination.

G~ ray coibration is carried. out in the samne sequence as for the

r-seter. It bas been found. that a monitor graduated for ganna radiation provid~es

a satisfactory degree of accuracy In meauring beta contamination.

5*Deonamnaion

'Me removal or radtioactive waterieal from the integuments ard. mucous mein-

branes of the eyes, nose and. mouth of hum~ans and aninals, anid the removal of radio-

active m~terial from equipment, vehicles, weapons aftu defense installations, frTom

terrain as vs 11 as water, food and frxlder is known as decontamination.

Decontamination is only carried out, on the whole, if the contamination

excedidu the norm. If it is not possible to determine the true degree of contamin-

ation for any particular reason, decontamination ts carried. out as a prophylactic

measure. In all canes the decontamination is carried. out in such a way that it

does not interfere vith the norm3l combiat missions.

Decontamination i. either partial or complete, according to the military

Situation.

Partial. decontamnination is carried out at the first opportunity, directly

in the field..

Complete decontamination is only carried, out in a non-contaminated area

9 at the orders of senior c~ndrksa at prearranged. diecotawinatica points (PDP).

A rougt layout of a decontsmination point and the sequence in vhich personnel pass
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tbM&~ it we ohmn in Yirn. 102. 2w* point consist. of jho folloving units:

a) zmintaelag-Aitribution po1int; jn

b) area for d~eco fxiniation cC veapone, eqIetad eilg

1 c) area for &eCOntSM~iC~tiU9 Uniforms Mn& personal equipment;
Pgt~so/Y.4L.

&F~Oontanination ares;

0) area f Or dlecOntaminatling animals, if necessary,

Tfroops required. to go thromUg complete &eqontemination are concentrated.

i.n the vaiting area, vhere they und~ergo partial decontamftation, if th~is has not

already been (lone. Gathering

~distr~i on m niktlý nd dressing rooma

Wait N. a-1half

To deconta on dirty half

perso-'

n,.! eq,

Fig. 102 lAyout of decontamination point.

The personnel paes from the waiting area to the monitoring -dis tribution

point. There they are monitored for contamination. If the degree of contamination

is higher than the norm, they are sent to f) / &-contawmiaticni ARA'i togethier vith

weapons and equipment - the / half at the area for decontaminating veapons,

equipment and. vehicles.* Here they put on special protective clothing and. decon-

taminate their veapons and. equipment, after vhich the latter is transferred to the

c lean half of the same area, while the personnel proceed to the uniformn and. personal.

* ~equipment d~econtaination area.* The soldiers leave their uniform and. personal

equipmeut for decontamination on the dirty half of this area, and. then proceed. to

thetwwONfansL area.* In certain cases after their weapons and. equipment have
F'-~RwIAL.

been d~econtaminated, they move on to the undressing section of the jdecontmairiation

area.* In the undressing sectica they tale off their special protective clothing and.



lame •air m~iu em, pers 1 ieeq t, uterwar so& footewmer for &conItoastitn.

Al os4 Operations are carried out by specially asasie, toems. After damon-

_ S tiatiaon the clothing, etc., is tsueerredL to the dressing section.

After persnal decontaminaton the soldLiers proed to the clean half of

the arme for &eeonteudanting arms, equ±rment and vehicles, iere they clean aJ
lubricate the veapons ard equiment and then move onto the assembly region.

'The decontamintion point is carefully sheltered from aerial observation

;L and as far as possible is close to a source of uncontaminated vater. The site of

the decontamination point should be level vith a slight incline to drain avay vater.

The drains ahoul be dug in such a vqr that the con taminated vater flovs avay from

the source and collects in a reservoir or water-absorbing vell.

"The large nuberof operations involved in complete decontamination requires

the use of special vachinery aid apparatus, the majority of which ic also used for

decontamination froun gae and cliinfection. 9%e vashing truck is intended for de-

contamination of vehicles an(. my be used to decontaminate sectione of highvays

Nith a hard covering), bridges, installations and so on. * he truck reservoir has

a capacity of 2650 liters. The liquid can be fed. mechanically or by FL hand pmp.

The automatic decontamination truck is used to decontaminate military equipment

and ve'aicles. The Ss-decontamination haversack is used for the same purpose.

Artillery and machine gun-mortar gas decontamination equipment is used

for partial decontamination of guns, mortars and machine guns. To decontaminate

personnel awl uniforms, use is made of a pray unit.

Decontamination of, personnel. Partial decontamination of personnel is

organized in the field at the first opportunity without the vithdraeal of trov

from combat duties. It may be carried out directly in the contaminated area or

after t area baa been left.

During partial decontamination outside the contaminated area, the first

Sthing to do is remove the protective caps and shake any dust from the uniform, enad

then to take off the protective Saiters.
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''I

So. Ws jask aa protective Slaves sho%3 thm be ihms off, aftex tibla

th4 ~I shoulL be washed, sad the exposed parts of the body saUhibe 406Vm4 two

o0 three time with ncieminate& rater, maklns certain the process is thercu*

I end that ll dirt is removedL f rm umderneath Uhe fingermails; the nose shoul&I ten be aleaned with clean water and. the mouth rinsed.

If there is nt sufficient water, the exposed parts of the body are wrapped

with damp towels; handkerchiefs o some other damp cloth can be used. If there is

no water at all, the swabs are soaked with liquid from the individual anti-es

packet. If the worst comes to the worst, and neither the packet nor water are

available, the exposed parts of the body can be rubbed with dry swabe.
4

It is not possible to take off protective clothing during partial decon-

tamination in a contaminated area. * idioactive materrl, can only be removed from

the unprotected arenas of the body. Water ean only be used for this purpose vhen

the Rome of it han beem momitme@r at the eofMrna&ia Officer's orde@. If the

troops are in a contaminuted arem vithout any proitction, -the euxioed luart of the

body should be washed or rubbel, after which the protective clothing should be put

on and. weapons ann the fortificaticns should be decontaminated. Ahen the weapons,

fortifications and equipment have been decontamimted, the expose& jarto of the

body should be washed or rubbed with moist swabs once again in order to remove any

radioactive matter which might have got onto the skln during decontamination.

Ccuiplete decontamination is only carried out in an uncontaminated region

in a special area. In populated points baths, showers and disinfection huts, should

be used. In the field, in summertime, disinfection can be carried out in the open

air, in tents or under nvnhs, or in a non-contAminated reservoir with running

water, and in cold weather warm huts or heated tents are set up. In coaplete

decontaminatica the wholed the body is carefully washed. Monitoring is carried

out before and. after washing.

Washing contaminated places with warm vatcr and soap, using a mop, ensures
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ocep1ef rfous]. of radioactive material Ga is one of the most effective,, arA 0-tR the am time acceusuble, methods of decontmation.

Experlmets vith different types aRud meOtods of dealing with the bans has

shw thiat then first 'washeri with ascrubbing brush and. soap most of the red.4"o-V

I active material is remove., and that consi deably lass is removed. during the second

vaahing. Washing the handm a third time with sacp anr water, using a soft brush,

removes practically all the radioactive material. The use of solvents, weak

sOlUtions of hydrochloric acid Sad potassium permanganate solutilmS produces much

the saw• rvosults as washing with a brush aud soap.

Deconutaminat-l cf equipMent and arms, Partial decontamination of equip-

ment an& veapons, just as lartial decontamination of personnel, may be carried out

in the actual. contamiiate(I zone or after it has been left.

"For partial decontamination of weapono and oquipment Lha soldiers prepawe

a several sovbs mnde of Lontamatted cloth. or rag, and having wet them withl water

"(or if there in no vater, with w:Lraffin, ,aeoline or some other solvent), cerefu.ly

wipe their own rifles or submachine g]uas nd the ,*ts of the vehicl., artillery.

- tank or Bircrstt which toy constantly come into contact with, that is to say, seats, A

Shandles and so on.

If the military situation makes it possible, the radioactive material should

be removed from all surfaces of contanmtinated firearma (rifles, submachine guns,

machine guns), artillery guns, mortars and so on. This reduces the overall con-

tamination of 4he armaments and equipment to a considerable degree, and reduces the

possibility of injury when using them.

Partial decontamination of small arms, field guns and mortars is carried out

at -the actual gim emplacements. During decontaminatio• particular attention must be

given to optical, inisruments (stereotelescopes, sites, range finders and so on),

since if contaminated optical instruments are used, they may damage the orgtel of

I sigt. If there is no water, gsoline or 1*raffin available, ths weapons nd eq•ip-

sent should be wiped three or four times vith clean, dry rags.



iI
I" sad. ae-,PrOPLIe& artillery am are 1 1 e b7 tftr eI.!I .

I
F-o ~tLU.1 a*C1nUt±Cto the crew first vipes n3aan the plAces mn ih tamT81
bohd cth * tank 'rith ifich they came lto contact. Then they decontaminate the

inside, the controls ad the armaments, equipnent, instraments azd levers.

Fig. 10uu sum b easo arrows the pats an a~ircaf vicflL are 5the

Sfirst to be, decontamisred. qkeue include the cabin lights, cabin entrance and some

of the hatches, the inside sirface of the cabins and, their eqv•ipment, if they

prove to be contsainated vhen monitored.

Fig. 10ý5. Par" of an afreraft Which Fre first to be devemipnted.

Complete decontaninaticn c' anns and equipment is only carried out in a

Snon-contajined region in specblly prepared areas. The operation is curried out

unaer the guidance of specially trained personnel.

Weapons end equipment are decontaminated by one of the following methods:

* by Vwehing off the radicactive material with a stream ct water; by ishig o±f the

radioactive material vith vater rubbing the surface at the same time with brushes

or zag; by scrubbing vith bruslwa, or swabs dipped in water; by vashing vith

gasoline or paraffin. In vintertime non-freezing water solution or gasoline and

paraffin are used for decontamination. Gas decontamination solutions can be used

with good effect.

Decontamination from radioactive material can be carrie& out with different

ps-dmecontasnation machinery and. devices an well as gasoline, water and oil fillers,

motor pumps, fire engines and other equipment. Fig. 104 shows complete &econ-

9 tamination of veapons and equipment; guna, tanks and aircraft.
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Juset before 'iamaks are competely decontaiamats, ths a==tiaa ant towl

are takm out; the cover ovw the tcowe and driver's hiatchm ane corezed., the

V ~emrgency exit and. tbe hatehways in the bottom of the tank are opened, Be&. louvrs

and. othe opening are covered. vith tarpol~in. Exatly the same orbmtl.ou is carried.

out In the case of complete decontamination of aircraft: cabin l~igts, bomb doors

an& other openings are covered, over. Th~e d~econtsmiimticm is carried out from tp

to bottom to make certain the contsaminated water flows away.

Fig. 1014. Complete d~econtamiration of weapons and equipment: a) complete dle-
contamination of weapons using a haversack-type g&B-decontamimstion
device; b) comple~te d~econteamination of field guns using a gas-4e-
contamination truck; c) complete deco'ntamination of a tank usming
a vater-carrying truck; &) complete decontaminiticz cf an aircraft
Using a gas -decontamination truck.

In al.l cases the moat advantageous melhod, of washing down equipment,

p.rticailarly when it is large in size, from the point of view of saying time and

toil, is to use a hose ppe, In certain cases, however, it is move effective to

wash down with vater, scrubbing the surfaces at the same time. This method. in

more laborious, but on the other band, removes radioactive material more effectively

with comparatively Small1 consumptions of water.
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M inside of eircraft, tanks sd trTks cM be deona~atet vl*h Ve

Me wincipal metho o removing actve cta ation aboard ship is

Lto wash d.xn decks, supertrauc reu, towers and 01he installations with a jet of

hiU pressure water. Fire hoses and special pipes vith sprap -ive the best results.

By means of powerful pumps water fram the sea in fed. to the pipe aml then forced

th-rroa a large nu-Aer of fine holes forming e sort of char %hich successfully

washes the radicactive usterial from the outside of the ship.

After this treatment all the decontaminated objects should be carefully

monitored. If it is discovered that in places there is more radioactive material

left than the norm, the deconimination is carried out a second time with sub-

sequent reaonitoring.

Decontamination of uniform and• ersonal uipment. Partial decontamimticn

of uniform, personal equipment and protective clothing is carried out by the

personnel in battle formation end usually after partial decontamination of weapons

and munitions. Outside the contaminated. nrea rartial decontamination of these

items is achieved by brushing and shaking out the radioactive dust.

If there is enough time and the situation is suitable, personal equipment

and uniform is taken off, carefully shaken, brushed and rubbed. In winter these

items cun be decontaminated with clean snow.

If a cape has been worn over the uniform, the only' parts of the uniform

and. equip~nent shaken and brushed are those which were not covered.

Complete clecontamixtion of uniforms and personal equipment and also

protective clothib is carried out at the decontamination points. The following

methods are used to remove radioactive material: shaking and beating; rubbing with

swabs or brushes, washing and laundering.

After decontaination, the uniform is monitored and then returned to the

9 persomel. If it is found that the degree of contamination is still high, the

miform is replaced.
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Do wtu oen of tea .*M 'r.. All tys of foo sal rfeaoL awt~u•a-I.atet above Ike horam uint be- -d .contsal bid or taen awea'. tooks If fd. Canrile
about are O estrcoe& if they becme con tmlted. Me exception is •manod food an

ot*ar prodicta in airtigt containers. These prodcts can be used. when the eaking

mterial ban been taeountueolt.

-Water is only decon.aminted vhen there is no other source available, that

is to say when there io no chance of digging a new vell, drilling a hole or sending

for water fromn an uncontaninated. region.

After an atomic attech all food prodructs, fodder anf Vater owplies in the

area of destruction are monitored in order to establish the degree to which they

are contaminited. Selection of the cecobtaminmtion methoct epend.s on the r.ture

of the products (Vhether bread, meat, sugar, canne& goods and so on), on the type

of packing~on the degree of contamination and on the availability of different

technical mtans of decontamination. Given the largo variety of food products, it

is difficult to recomiind uny one method for decontamination.

Food products and folder kept in sacks (buckwheat, salt, grain and so on)

are transferred to clean sacks or sc•ie other clean packing material, observing the

necessary precautions.

ihe &econtAmiran of fish, fats, corned beaf kept in barrels or crates is

carriedout by washing them vith water and rubbing them with rags or scrubbing.

Decontaminated food products and fodder are kept separately and used last.

When they are Issued from the storehouse, special entries are made in the relevant

documents. Such food products are vashed mere cartfully before being put in the

saucepan.

Contaminated water May be decontaminated in different ways. Most of the

r•dioactive matexial formed by an a Jomic exploaion does not dissolve in water, hence

as time passes it settles on the botton of the reservoir. The process ct precipit-

stiok, howveer, goes on very slowly an&, as a rule, there is no ccplete filtering;

hence the main ways of deccntamiting vater are to filter it or distil it.

-33-



f

-Scraper

7 • GMonin&ýandxnpray ing machine

Fig. 105. Manchines which can be used -to decontaminate roas and ar'eas Of
a locality.

rle fouccessfu! advance of" troops throughout the battle is fur•t~herod tmo n

: encountered. both in the vicinity of the exploslax• as well as :In the make of the

- I

L TalklmCbivo cloua.

A Contaminated areas can be quickly dealt with in protective cloghing

• O•ig. 106). Wh•en moving up in culm, still weather after rain, there is no need to

vear gus masks since there V111 be very little (lust, and therefore very little

ra dioactive matter in the air. In this case only a ground sheet or protective

Tcape need big put on. When crossing contn~ate& terrain, protective clothing

Sshould be used in accordance with the military situation and the weather, and

'4 attention• should be given to the soil and vegetation since they affect the degree

S~Of dust formation.

It dry VO htb* , 856 M O M& 'Prr toec U. gloves should be put on when cross-

In i•Om•tsmin'lared&'as. In daMp weather the •as mask need not be voel, since tiara

is bardly &My radioactive (lst iU the air. But protective gaiters, gloves and various
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D12is3tiLMt. bY aaR Of IflU Stills is eerwiLa G~t iS 9 SIM VV a

** -Ua-tiu~j of salt iiater * Water can be t1h.erod. throu iissue !ýtitri M

filters improvised. with 1o=1 sterials (Busd,, gravel, acal)) the filtrtion 207

S•I

L ~ be preced8.d by coagulation 8an s'tagnsatio. Comulation is a method of POUr7in

vater by mans of artif.cialc y odci• g a saefment by adding Special chemicels to

the water (copglants). She metho ensures the removal of very fine particles

Ssuspended in the vater.

SThe method of iow exchange can be used for filtration, since it ensures

better removal of rdioactive removal from the water, that is to say both insoluble

and soluble material. In this case, apart from the normal filtering materials

(gravel or sand), the filter contains special subitances called knites, Ionites

are granular solids, insolutili in water, which possess the power of absorbing ions

from solutions.

-W*hen deentaniitInjg wells ana sp!inM h1ich hrve become cont1amlted. by

xaliSA'tWivj uL5Aerit~L, Uxe buttom of the well is clancd and tile water pumped out

of it several times. In the case of springs, a layer of soil 5 to 10 cm thick is

removed. ' Te degree of contaminmtion of the water and the walls of the well is

chcck'nl b)f orxe and af ter decontamination.

SDecontamintio of positions an terrain. Trenches anid communicating

passag•eways with lined walls a, d•ecmtozI ted in the following order. Three to

four cm of soil are removed from the berm, after which the lined valls are brushed

with moist brooms, grass or straw braids, brushes or rage. The soil removed is Pa

shoveled into buckets, boxes or sacks and taken to a spot indicated by the commanding

officer. The bottom of the trench is then deconnmiatetl by removing a layer of

soil 3 cm thick. Boil can only be removed from the rampart if the camouflage makes

"it possible.

Unlined trench walls are cleaned with shovels by the removal of a laye'r of

9 soil 3 cm thick.

-335-



BUU a At lan*& isaet2aiSa are 4eeemo by vI 1g te w aIrA ,

%a• laccaar~ at-ton of terrain involvw the rem i of rioaetive wterial

i .3• ~fron the surface or covering t.he surfa•ce vith a layer, of unean _temin mstcriclall.

Batt methois are very cumbermome and laborious, hence only7 certan areas of the

olocality are ft~cotnminatad, mainly paths ad points Vhere military equipment ani

Spersonnel are located. Street cleaning machines (Pig. 105) of clifferent, kinds are

S~usumlly used for this purpose.

•, When (IetetnininlnE the extent of 1-ie (lecon-tamination of the locality, it is

advisable to have as much accurate reconnaisance date. as possible on the size of

the contaminated area and the radiation level in it, particularly where troops are

located or points throua itcioh routes pass.

When organizing decontamination operations, inasiuch as the situation

allows, so-called selJ-decontamimtion should be employed; self-decontamination

is a reduction in the degroo of conbaminatinm as a result of the .nontn.nnnimn •ntfy .

hAs has alaeady been mentioned, the greatent protection from radioactive

material during opeations in a contaminated locality is to cut d-ow the time

Slient by troops in that locality and to prevent radioactive mnterial getting onto

tie skin or into the body.

Present-lay engineering enables us to cope with €ontamirAted areas fairly

swiftly, thereby enouring the FiKsr of the above-mentioned conditions;

the second condition can be reliably satisfied by the use of personal precaution

Thus, if necessary, hostilities are quite possible on contaminated terrain without

the application of decontamintion methods.

6. Operations in a contaminated locality

In a situation in which atomic weapons are used, a hiEh degree of training,

endurance, courage, iron discipline and the will to victory will be requied far r

than ever before. In order to carry out his combat duties successfully. every

soldier must be able to operate ably, showing initiative and skill in battle.
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Fig. 106. Crooning contaminted terrain. When Crooning CO..taminated terrain
,.protective cape should be spread out as an underlay.

II

inderlayn ahould be uned In thit eke to protect the clothing and footvear from

cantamination vhen lying on the ground. Fig, 107 Ghows the passage throup4

contaminated areas in a truc%.

Fog. 107. Passage through a coaminated area in a truck. 7 inets show the

use of protective clothing.

.1Instructis•n on the use o different protective masures are msually is.ed

by a senior comading officer. If the troops are operating in contaminted terrain
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5| vW rm adw troopae th. decisi to use probtaoiw cloOt is ta 12-

tepea4matly by the eommni ag o•iMcer.

MArUS operations involving *e use of atomic Veapous, Golalers bould.

attmt constantly to their own vwsponS and equipmean paero- al food ru•L-ea Rd

. wter, tsuring their protection from cotamination by radicactiw material.

One of the ways of ensuring protection against injury by irradiation is

Sto limit the amouut of time spent in a contanute& areae. If the period is em-

paratively short, as when crasing contaminated areas, the variationt in the

I radiation level with time can be ignored andt he radiation dose can be determined

from a very simple equation, namely

where D is the radiation &ose in roentgens;

I? is the mean radiation level, over the given area in roentgenjowur

t is the time in hours.

1'ne peric& which cun be san-ely opent in n cent minted are, tiking the

variation in radiation level into account, can enaily be letorminal by waalis of

graphs. If the time of measurement of tPe radiatior level and the time of entry

into the contuminated. region coincide, to determine the amount of time which may be

spent we can use the graph In Fig. 108. Mhe vertical axis plots the ratio of the

total irrldiation dose to the radiation level observed when entering the region,

- and the horizontal axis ebohs the time of entry, counted from the moment of the

explosion. Each curve corresponds to a definite period of irraiiation.

Emle. Let us suppose that a team has arrived in a contaminated area

10 hoUe after the explosion. The measured radiation level is 10 roentgenhaour.

We are required to determine the saf* period, if the given allowed dose is 25

roatgons.

Solution. Since D/P 25/10- 2.5, t- 3 hours. The solution is shown

S by arrous 1 - 1. in the gr*.
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vi

-A -

l - Time spent aft~et exp.oaLion (hours)

E Fig, 108. Grap~h for determining time which ca be safely spent in con'taminated
a are a (duration of irradia tion shown on curve).

-A sl.!oitl~y difem problem ann be nolved. Sul)•ople, frt exAmnple, ve are

_; •eqtl•'e•to determine -Uhe d~ose vhicti can be ob'tained by staying 8 hours in a

•' ~con-Lamiinated area if thle team arrives 5 hours after the emlosion, when the radiation

S~level is 10 roentgens/hour.

z Solution. Using the graph ve find that D/P 4 .3. Hence D =4.3 10 =43

Sroentgens. This solution is shown by the arrows 2 .. 2.

In a similar graphl (Fig. 1.09), the vertical axis plots the ratio between the

dose and raiaition level observed one hoiz after the explosion. In this case to
[• •determine the time troops are alloved to stay in the area we have to know the :

Sradiation level an hour after the explosion. 2*r'e may be cases, hovever, when the

/ ~radiation levl is determined, lot us say, three hours after the explosion, although

• the troops bega operations in the area 2 or 5 hours afterwards. Hence ve have to

use another graph (Fig. 110), vhich shows us• the raiation level an houst later

r (P) from the mermmed irradiation level.

f Exiules. 1. Thilrty minutes after the explosion the radliation level

P 60 roentgenjiiour. Th allowedl dose D - 20 roentgens. 03ree hours are required

-3o



to UWCt oPezatiame Iu 100 8.0 the trCOVS ba" to Vsit bev~ b~ ork

Solution-. MI graPh in FLg. 110 hmose us the rad.iation level an hoar after

the e6XVoiou. To find it .e drsv a vertical line from the point representieg a "4

t ~raditlou mlov] of 60 roontgmu/6our cc the horizontal. axis up to the point whore

it intersects vith the straight line shaving a post-explosion time of 30 minutes.
SMien ve d_•av a horiz@•tal line to th left and. read cf the radiation level on the• ene it d6 roentgn ur

vertical ax. In the case P

SI

P4'

~44

49 N lot $09 lowE

-* _ in hours

Fig. 3.09. Graph for determining safe period. in a contmninated region on the
basis of the radiation level an hour after the explosion (the
irradiation time is shown on the curves).

Let us now go on to look at the graph in Fig. 109. The ratio between the

allowed dose and the radiation level an hour after the explosion is

Dali
D 1 20

- = 0,77.

We dLrav a horizontal line from the point ccrresponding to 0.77 on the

vertical axis to the point of intersection vith the curve, vhich ohmos a period in
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the Cetwms& am of hmrs. P24= 1hiu Potint veay a Us. Gcinar"t SAW.

the baz'±anm'l axis fivA the time vhich has pMsset sineo the "iplosion. in *a

partiaular problem under ecosideration ve fird t i 2.0 hours.

we I
SI2M

I4
'M

.lb
.4 h

mcaaurdnrarai•anon level

VF1g. Ili). Graph f'or dotormininig radiation level ane hour after explosion (etra&L~ii
lines iihov amount cV time passing since explosi on up to moment of'
meaourinf/ radinton level).

2. We are -o deOterdne the total dose received by a person Vho entered

the contaminated area five hours after the explosion and remained 30 minutes in it.

Mexiasrenents made 16 hours after -the explosion shov that the radiation level is

5 roentgen/Aour.

Solution. The graphin Fig. 110 shows us that an hour after the explosion

the radlntion level is

PI" 150 9entgsen/hour

Using the graph in F1go 109 ve find the ratio D/PF, which proves to be

0.07, consequently,

A - 0,07 - 150=ul10,5 ~an~

- If conditions allow, anroops, armaments and equipet should be monitored

after passage through a Fcontainated. locality, and parti~l decontamination should be

carried out after the monitoring.
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-OW Savlat Gizý=ntts 4,elwmiecai Totats om that never before bas theo

am@ race beft frauj~t vi1ti such danpgm as today) in the age of the ati,
elect•onice anM the conquest of s•ace. Novever terrible rapid-irjlag aubcmt•c

vespons, teIns, long-range artillery ead bombs my have seemed as methood of

exterminating human beings, they cannot BSER P comparison vith atomia and hydrogu

veapone. and rockets. If we put together all the means of destruction which mn.

kind has possessed, througtout the centuries,, they would only make up a tiny part

ce what is now in the hands of two or three powers possessing nuclear weapons

After all, it is well known that the explosion of only one coneimporary

h drogem boab releases 4estructive energy greater than the energy of all. the

explosiveo rade throuhmcut the world during the four yeare of World Wayr 11.

The eyploeioC of one soch borli could wipe the l.argest centers cf 'orld

civilizatioc from the face of the sa-th. J~st a few hyrogen beMft are requIred,

to eli•inate vholo *tes. Yet rtorc and. roi'o a5•,m. und hytrogert boibe arc boing

accuiflun1Ltd.

,tie edoption of nuelear eand rocket 'weapons by aroies, tho training of

the armed. forces in handling them, the ada£,tion of strategy and tactics to the

new typee of veapons in •ary -e ht've now reached such a pitch that the next

The Soviet Ganement's declaration on general and complete disarmament ("Pravda"

for Septenber 19, 1959) states that all the atmic and hydrogen bombs In the

possession of states in the present time should be destroyed and that further

production of them should be halted. The energy fron fissionable material should

be used exclusively for peaceful, economic and scientific purposes. The producticn

of all types of rockets of all ranges should be ceased and they should be liquidated,

incauiing space rockett intended for military purposes. Rockets ct all ranges

should be destroyed and rocketry shoul& remain merely as a means of transpcrtation

I and a means of conquering space for the good of mankind.
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u1 •Utal eonlicUt betenpw e coulA eilyll ta iuto a t vitt the use c allIine-• t • =-ih. Jaion in the paeeuuIv of the beligera

parties. Outer s.ce, vhich only a few years ago vas inaccessible to mau, ca num

be used, as the sea. ad air Vere earlier for strikin any point on ths globe vith

nuclear attacks.

It is pointed out in the foreip military press that the development of

nuclear veapons over the lhat 15 years has been very rapid and bas bad a strong

effect on meLhcds of armle combat. Atomic veapons make it possible first and

foremost, tV greatly increase the striking paver of artillery and aviation. This

mnkes it possible to speed up and intensity military operations to inc:redible

extents and to increase the role played by surprise. The adoption of long-range

t±

rockets Vrith nuclear varheads makes it possible to destroy the enemy's defense lines

as well as his tactical and, operational rewr from distance ]aunching sites, and,

furthzaar•e, very rapidly 9Az effectively by maneuvtrias the trajectorieas Nuclear

. e.pna .njve b•c•gi to take t place in Bnti-e!ircrvft defense, ehAily in the form of

guided anti-aircraft missiles. Reports have uppearea in the foreign press Mn t1e

use of nuclear verheadn in guided aviation missiles intended for aerial combat.

The foreign press points out that warships and submarineu are also being

equipped vith guided and homing rockets and torpedoes vith nuclear warheads. This

has radically changed the naval tactics and has greatly inproverl its striking power

both in action against other ships as well as coastal territory and enemy bases.

Engineering units hAve been considerably strengthened since they now have the

chance of carrying out rapid demolition vork with nuclear cluges in order to erect

barriers, and for other purposes.

According to foreip experta, strategic air forces and other types of

strategic weapons, particularly long-range and intercontinental roceits, aaA

nuclear warheads have made it possible to greatly increase the strength of
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.... ..... etatwe aircra~ft an wll as other types of stz..taipo mepeas, jarticuualy

d•eep azA b~rd. at the heart of *ae enamy, and much more offToctively *" &W of the

I
attacks by strategic aircrazrt whiab could have been mad in the recent last.

Rence at the present tm t. is possible to age a var in *hiah there is no great

difference between the front and the rear, and in vhich cities, transportation

Sand. industrial centers pinpointed on the mop €cu be hit more easily, more swiftly

ar& more effectively than troops that have been duly dispersed, camouflaged and

sheltered. All this changeo the face of modern varfare, military preparedness

and orepnization of the armed forces.

Particularly Important is the nuclear varhead carrier - the Soviet inter-

continental rocket - which can hit targets in any given region throu out the

vorlx Vttli suitable accuracy. ghis meatis of varfare considerably improves the

defence capacity of the Soviet Union.

In his report at the coseic of the TOR Sup,,•zri Soviet on JaninAr 14,

1960, N. S. Kruahchev said. that "le are several years Fh.rd. cd certain other

countries in the constritction and mass production of intercontinental. missiles of

different t~yis ."

"Our scientists, engineers ond r orkers employed in the defense industry

hevu constructed new tyries of armaments which are the very latest vord in science

and. technology. Zhis puts us in a position to reduce our armed forces without

* ~ md~ngering the defense capacity of the country."

"The Soviet Union has piled a sufficient number of atomic and hydzogen
4

* veapons Until we arrive at an agreement on the banning of nuclear veapons, we are

÷ forced to continue production of them. Naturally, we hbave to spend quite a lot of

money for this purpose. But for the moment ve ca~not give up the producticn of

atomic weapons: a decision of that nature must bt the result of agreement between

states possessing t•he;e veapons."
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won~a S ist poabusss crt olty At 0wsa & o a ep

___ w~t-t :uIUMw *qUI3~ia, MilitarTY a&i~crt anid M myi itu bae. -louts kf

fO=e? Ais ificanes. Weapons Of tbis type areat being 2educed, but rae repiace&.

Military &ircraf t haves bent almos t totELly7 replaced by rocketst , We have siveady
I

sharPly cut davu, a.d will o*viously cut dwn f•ur•er or• mu isceontinue the

prod•ction of boiers and other obsolete equipment. in the navy great importance

is nov assigned to the submarine fleet, for surface ships can no lon1er play the

part for which they were &eui•ped in the past.

Our armed forces have been issued with rocket and nuclear vwtpons to a

considerable eltent. 'These weapons are beitg perfected and will continue to be

improved until they are banned.

V he Central Ccmmittee of the Communist Party and Soviot Government are In

a position to tell you, Comrade Deputies, that weapons which we bave are fearful

t vespens &Mn thoe vhich, so to say, are in the offing arm still more teTribblo.

1 ho w apous viuul ai.e belig designsd and, aus they any, are -L vie moment in the

briefcaec of scientists and. designers, are incredible"''

21he Ccmnmnist Party und. Soviet Government are ateadily pursuing a policy of

peace and friendship among peoples. The Soviet people is campaigning for the

banning of atomic, hydroWn ani other types of weapons of mass destruction. The

imperialists continue to reject the USSR's peaceful proposals and are preparing for

an agressive war agpinst the Soviet Union and countries of the socialist camp with

the use of weapons of mass destruction. They are threatening us with the mieht

of their air force an& navy.

"We can answer this by saying that theme are relatively obsomel means of

warfare; there is a much never aen more fearful means - intercontinental ballistic

missiles. They cannot be stopped by any farm of atti-aircraft defense, and they

can land an atomic charge of collosal paver at any point in the glebe without fail

7(and indeed any point since they are very accurate). 7here need be no doubt about
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t" Ie 1W first roa•ns t of this tne shot up i.sto outer saoe tr••_a.at am.

in now so prouIly OS?171Ag out paiat aroum& to sum. Vlbat am p1roof do we nft&

of th. roket power of the Soviet Uniont" 1)

! 4
Av the preset tim the progress in1 by 'tbe Boviet Uninio Ii PWAMIUel

nuelear weapons and rocketry, and equippiug the Soviet army, air force and navy

with other types of modem armaments ensure reliable Wefense for our country agaist

any agreas r. Our country ic now equipped with dif ferent type. of nuclear weapons,

a whole series of ballistlc missiles - intercontinental, lcmg-range, mediun-renge

an& close-.r-au continental Uiss5LC5, and a vhole group of techn.cal rockets$).

Out armed forces possess extremely good nuclear equipment vhich can strike

both on the field of battle as well as anywhere else in the world.

In a speech at the session of the USSR Supreme Soviet on January 14, .960,

Mrshall R, Ya , Hlinovskiy pointed out that "Soviet armed forces are loyally

gording the Soviet people building the lustrous homue of' c•nnisam cimer the

auldance of ilie Party. They atr reliubly and vIgIlanLtly protecting the inter stet

of our country by remaining constattly in a etate of cocmpide battlo readiness for

resolute retaliation against an aggressor.

As regards teclunlcal equipment, military training ani armaments, the

Soviet Army and Navy has the advantage of the very latest attainments of science

and engineering. Ukey are equipped with the mit modern and powerful means o"

warfare, the chief of which are rockets with nuclear varheads. In or armed forces

1)
R. Ya. bL.inomviy. Speech at XM Party Congress: "Pravda" February 4,

1959.

2) Ibid.
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VMe Vea~ws are p iesant ibe fem e b . e aitaa A• ±fAeatmaI- cc ..

.+ luAg , perlitional-tednial missiles with a range fm ane to khve9l himdreds

of kilmters, and stragetic missiles, Incldtiug intercontinental rockets vith

virtamILY iu34aited. 'anaw.

Present-day ballistic Aissiles vith their tremnadous velocity, altitude and

M:eauSe Oaf drop nuc lear arheads of different povranyvhere at all in a verykort

time ad. in any veather. They make it possible to strike bard at a large numer of

objectives all at the same times The 1W, range and velocity of the missiles make

it possible to maneuver them vithin a short time ani thereby evitch the main

striking poer from one theater ct ar to another, and change the situation to

Sourt~ve by aas nuclear blows. It is not necessary to construct large, expensivesv

and complex airfieldo to launch the rockets. The launching sites can easily be

camouflaged and even hidden completely, ensuring their invulnerability.

All this shows that rockets are the most effective =mans of varfar4ae !xisting

* earlier and oxisting nov. SuffLce Itto say -thnt if we ouppose that over the yw-rs

1940- 1945 Angl verican airforces were able to drop about two mil.ion tons of bombs

on objectives in Germany nod the occupied countries by maitng a tremendous number

. of raids, at the present time one strategic rocket can hit the target vith a

nuclear warhead equivalent in power to the force of the conventicnal explosive

contained in all these two million bombs.

If for purposes of clarification and analysis we look at the calculations

ma e by our own and foreign experts, it has been shown that only about 100 sich

nuclear wrheac& need to be exploded over a short period of time over a State

-* with developed industry and territory covering approximately 300 - 500 thousand

square kilameters for all the industrial regions an& administrative centers to be

turned into a pile of ruins, and the territory to be made an arid desert vith

lethal radioactive contamination. Countries vith large populations and a small



i:'

amant of bman ry a-e tummle Vuerable In this rempect, ihi. States Id-h

I .id~ +iY S titOcy, @CeTwee@~zy ar h±i.y in~vulnerW.11 an&. Mach Mae 1110ly to

Roeat vespons vith nuclear v4-heaU are truly fearful veapons both in

pover as veil as SIna libiAiti. Given the present state, of means of varfare, it

is possible to destroy a ship at sea or to shoot Uovw a piloted or pilotless

aircraft in the air without too much difficulty, it is for the monert impossible
V÷

Sto destroy a rocket in Zi ht once it has been la•i ched; it inevitably hits the

In moder war, if it should be unleashed by the imperialists, prime in-

portance is acquired by mass nuclear blams at objectives deep in the rear as vell

as at contingents of armed forces in the theater of hoitilities.

We ha~e tAken this all. into account and since ve possess powerful modern

vea•xen In the form of rockae with nuclear varheadc, consider It quite possile to

make considerable reductions in the Sc-7iet Prmedl iorees without endAntering our

defense capacity...

Tho rocvkt troops in our armed. forces are undoubtedly the principal arm

of the services, but we realize that one auch arm cannot solve all the tasks of a

war. Thus, in view of the ffict that hostilities in a modern var can only be

conducted on the basis of coordinated use of all means of armed varfare and the

joint effort of all branches of the *ervices, ve are retaining a certain nuaber,

in the relevant proportion, of all armed forces, which in action vill bear little

resemblance either in organization or in method of operation to what there vas in

the last var...

In determining the the further development of our armed forces in conn-

ection with their reduction, ve proceed from the fact that the next war, should it

be unlrashed by the aggressors, will involve the mass use of atomic weapons. We

stress this fact since many people in the West talk and write of &'est-ivcted"

nuclear var", "technical use of nuclear weapons", "Ds -- strstegy". "intimlAatian
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atzabeeg, a~d so forth &t o ty.A31 ese "theories" sam xrte1 it *Ve

inevitabla retaliation ihic tey my be subjected to if they attack the socialist

I ~coM. At the sawe time iteos "~theories" are being preachel to reassure the poulmer
masses as a aimokescreen to cover the dirty business of prepering for a nev vorl.

t 'w~ar "

We should expect the most likely method of unleaghing a war against the

Soviet Union, if the Imnperialists risk doing sop to be a sudden attack vith ex-

tensive ilea of atomic weapons. Uadev' these circumstances the main tisk of our armned

forces will be to rebuff the enemy attack and retaliate instantly with a crushing

blow. 1his is what we are preparing our Soviet Army and Navy for first and
t :rm, -emo,,t" ,1

Propross in o:cnoamy, science and enk-.ueering las given us unquestictable

a i go••, Iii smring the defenne camcIty qf our country. We can root assured

UiahL out hcientl:.,ts, enginerir and tochnicians in the 4lef'ethn :lnchatry vill con-

tinue to alep the upper hand. in the fleld of nuclear weapans.

Academician I. V. Ourclhatov life said tint "Soviet atomic experts have been

working hards or ym•ny years on instructicns "from t;he Party and Government, first to

create and then to perfect atomic anwl hropen weapons, full well realizing that

the State is threatened and that if we do not have weapons of this kind, there vill

Sappear forces striving to bring our wonderful Motlherland to her Iees. Soviet

atomic scientists and engineers have done their duty to the country. They have

created, perfected, economical and very powerful atomic aM hydrogen weapons.

In addition to this, the Soviet designers of rockets and other carriers of

nuclear weapons have done a brilliant job. Out citizens can rest assured - the

defense of the Motherland is nov looked after". 2)

In capitalist countries at the present time nuclear weapons and missiles

-3 intended to carry them are being rapidly developed and modified. The present state
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